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Soitening of Iron Ores 


at High Temperatures 





By A. Grieve, B.Sc.( Met.) 


Introduction 

HE melting or decomposition temperatures of pure 
iron and iron oxides are well established, the 
lowest being that of ferrous oxide (1420° C.). 
Some work has also been done on the melting points 
of iron ores ; Howard,! for example, obtained values 
ranging from 1568° C. for an ore with 64-25% of iron 
and 2-23% of silica to 1238° C. for an ore containing 
33-75% of iron, 12-64% of silica, and 16-52% of lime. 
For many ores, however, and particularly those of low 
iron content, the melting point merely defines the 
upper limit of a temperature range in which plastic 

flow or ‘ softening ’ has taken place. 

This softening can be expected to occur in the bosh 
region of the blast-furnace, and may affect furnace 
working in the following ways : 

(i) The diminished porosity of the softened ore will 
retard further gaseous reduction 

(ii) The plastic flow of ore lumps will increase the 
surface of contact between ore and coke, thus aiding 
direct reduction and the transfer of elements such as 
sulphur from coke to ore 

(iii) Burden voidage will be greatly reduced in 
regions of softening, with consequent uneven blast 
distribution across the stack or an excessive pressure 
drop through the bosh zone 

(iv) The presence of softening and ‘sticky’ ore 
together with hard coke may be conducive to arch 
formation and hanging in the bosh. 

APPARATUS 

To investigate the plastic behaviour of ores under 
varying conditions of reduction and load, a simple 
apparatus was constructed (see Fig. 1) which permitted 
the measurement of changes in specimen length with 





SYNOPSIS 


An apparatus for studying the softening behaviour of iron ores 
at temperatures up to 1480° C. is described. 
various hematite and Jean home ores with increasing temperature 
has been examined in air, and a more detailed study has been made 
of the effects of load and extent and mode of reduction on the 
softening rates of Ouenza and limy Oxfordshire ores. The results 
are discussed in relation to the physical behaviour of ores in the 
bosh zone of the blast-furnace. 7 


The contraction of 
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increasing temperature. Herzog? has previously 
made a dilatometric study of the relatively small 
volume changes of French ores below 900° C. (the 
limiting temperature of his apparatus). In the pre- 
sent work, a platinum-wound resistance furnace made 
possible working temperatures up to 1500°C. The 
ore specimens were ground to cylinders 3 cm. long 
and 0-9 cm. dia., those used for the first experiments 
in air being necked as shown inset in Fig. 1. The 
fused magnesia blocks K and LZ were only slightly 
smaller in diameter than the surrounding tube H, 
and this ensured that axial loading of the specimen 
was maintained. The specimen was located within 
the constant-temperature zone of the furnace, and 
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Table I 
ANALYSES OF ORES STUDIED 






































| 
Ore | FeO, %% | Fe,O,, % Total Iron, % SiO,, | Al,O, 5% | caO, Vico, 
| 
Quenza 83-0 58 4-7 3-0 3-8 1:6 
Sierra Leone 81-6 57 4-0 6:8 0-4 | O02 
Wabana 8-0 75-1 52-6 10-7 1-9 | 
Rif 90-7 63-5 4:0 0:7 0:2 1:8 
Northants Green 32-2 11-4 33-0 13-6 6-6 3°75 2:6 
Northants Brown 56-4 39-5 15-3 6:6 1-7 0-4 
Oxfordshire limy 31-6 22:1 9-3 5-8 13-1 0-5 
Frodingham siliceous (iron-rich) = 68-1 47-7 18-8 18-0 10 | 1-3 
Cleveland 39-4 1-2 31-4 10-7 13-4 3-7 | | |4*4 
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2 GRIEVE: SOFTENING OF IRON 
with the relatively low heating rates employed the 
temperature lag between specimen and thermocouple 
was probably less than 2°C. Changes in specimen 
length were transmitted to the pointer D by a simple 
lever system C. The scale was so calibrated that one 
division on it corresponded to a 1% change in length 
on a specimen 3 cm. long. This gave a magnification 
of x 23, and the response was linear provided that the 
pointer was kept near the middle of the scale by 
adjusting the position of the collar E once or twice 
during an experiment. A thin rubber membrane F 
permitted control of atmosphere without impeding 


















































A. Scale pan 7 
B. Steel rod 
C, Lever system 
Dz. Pointer 
E. Collar 
F. Rubber membrane 
G. Water-cooled brass head 
H. Aluminous porcelain tube 
I, J. Mullite (AH) tubes 
K. I. Fused magnesia blocks | 
M. Specimen 7 i 
‘ Sheathed Pt/Pt-13% Rh ki 
thermocouple 
ad 


Gas entry 
Fig. 1—Details of apparatus 
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ORES AT HIGH TEMPERATURES 


movement of the rod B. The scale pan A enabled 
different loads to be applied, and the weight of rod, 
mullite tube, and magnesia block gave a basic loading 
of 470 g./sq. em. on necked specimens and 210 g./sq. 
em. on cylindrical ones. Calibration of the apparatus 
with a magnesia block between K and L gave a linear 
relationship with temperature for the small expansion 
of the refractory tubes and steel rod, with a slight 
permanent contraction of the former above 1400° C. 
All experimental curves have been corrected for this 
effect. 


EXPERIMENTAL WORK 
Softening Curves in Air 

Necked specimens were used for this preliminary 
work, to localize softening and cut down wastage of 
magnesia blocks. Specimen contraction was mea- 
sured as the temperature was increased at a rate of 
7° C./min. The curves obtained for various hematite 
ores are plotted in Fig. 2a and those for lean home 
ores in Fig. 2b ; the analyses are given in Table I. 

Most of the ores began to contract at temperatures 
between 900° and 1000° C., after which there was a 
more or less marked levelling-out before final rapid 
contraction began. The initial contraction was pre- 
sumably shrinkage corresponding to that observed by 
Herzog for French ores. In the analogous testing 
of refractories under load, the temperature by which 
an arbitrary amount of contraction has occurred is 
often taken as a criterion. In the present instance, 
where it is desired to distinguish between shrinkage 
and true plastic deformation, the temperature at 
which softening begins has been taken as the point of 
departure of the curves from linearity after the 
initial levelling-out period. West Coast ore was un- 
softened at 1480° C., whilst Rif softened sharply above 
1400° C. with little previous shrinkage. Sierra Leone 
and Quenza were very similar in behaviour, as might 
be expected from their similar chemical composition, 
and both began to soften at 1260°C. Wabana had 
the same initial softening temperature as these but a 
much smaller softening range, probably because of the 
presence of 8% of ferrous oxide in the ore. Of the lean 
ores studied, Northamptonshire Green and Cleveland 
also have iron present partly in the ferrous state, and 
had a similar sharp softening range. 

The effect of silica in lowering the softening tem- 
perature is illustrated by the behaviour of limy and 
siliceous Eaton ores, for which the initial softening 
temperatures were 1325° and 1155°C., respectively. 


Effect of Load and Degree of Reduction on Softening of 
Ores 

Ouenza and limy Oxfordshire ores were selected for 
further study as examples of rich and lean ores. 
Groups of three cylindrical specimens of each ore were 
reduced at 900°C. in a stream of carbon monoxide 
and nitrogen until a given degree of reduction was 
attained. The corresponding theoretical equilibrium 
mixture of CO and CO, was then circulated for 2} days, 
after which the three cylinders were cooled in nitrogen 
and one was analysed for free, ferrous, and ferric iron 
by the ferric-chloride method. The other two cylin- 
ders were heated separately through a step-wise 
temperature gradient under loads of 430 g./sq. cm. 
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GRIEVE: SOFTENING OF IRON ORES AT HIGH TEMPERATURES 3 


and 750 g./sq. cm. (6-1 and 10-6 lb./sq. in.), respec- 
tively. During successive constant-temperature 
periods of 5-10 min. duration, readings of contraction 
were taken and plotted against time. This gave a 


series of practically straight lines, the gradients of 


which when plotted against temperature gave soften- 
ing-rate curves. The significant information con- 
tained in these curves is presented in Figs. 3a (Quenza) 
and 36 (limy Oxfordshire), in which the variation of 
softening rate with degree of reduction has been 
plotted at three selected temperatures. The effect of 
load being found to be slight, these curves are for an 
averaged loading of 590 g./sq. cm. (8-4 Ib./sq. in.). 

The results for OQuenza show that at temperatures 
above 1075° C. there was a pronounced maximum in 
the softening rate at 20% reduction. The corre- 
sponding curve for limy Oxfordshire shows a similar 
but less sharp maximum at about 30% reduction. 
Figure 3 shows clearly that, for both ores, reduction 
up to 10% has little or no influence on softening rate. 
The marked effect of further reduction may be related 
to the appearance of ferrous oxide once the percentage 
reduction corresponding to magnetite (11-1%) is 
exceeded. 


Effect of Simultaneous Reduction and Softening 


The previous technique of homogenized reduction 
before softening differs from blast-furnace practice, 
where the ore is simultaneously heated and reduced 
as it descends in the stack. To approach these condi- 
tions more nearly, cylindrical specimens previously 
ignited at 950° C. for 3 hr. were maintained at different 
temperatures under a load of 525 g./sq. em. (7.45 lb./ 
sq. in.) until shrinkage had ceased or become slight. 
The ore was then reduced in a flow of nitrogen (5 ¢.c., 
sec.) containing 10% of carbon monoxide ; changes in 
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Fig. 3—Softening-rate curves for (a) Ovenza ore, (6) 
limy Oxfordshire ore. Average load = 590 g./sq. cm. 


specimen length were noted and the progress of 
reduction was followed by absorption of the carbon 
dioxide formed. Curves of percentage contraction 
plotted against degree of reduction were obtained for 
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Fig. 4—Effect of percentage reduction on softening at 
constant temperature: (a) Ouenza ore; (6) limy 
Oxfordshire ore 


various temperatures (Fig. 4), and these indicate that 
the lowest temperatures at which Ouenza and limy 
Oxfordshire ores could be softened by progressive 
reduction were 1130° and 1105°C., respectively. 
These values are about 20° C. higher than the minimum 
temperatures observed when the ores were reduced 
and homogenized before softening. The difference 
may depend on the fact that, for a given degree of 
reduction, there will be more free iron at the surface 
and therefore less ferrous oxide throughout the speci- 
men in ore cylinders simultaneously reduced and 
softened. As in the previous results, about 10% 
reduction occurred before any effect on softening was 
observed. 


DISCUSSION OF RESULTS 

The application of these results to the physical be- 
haviour of ores in the blast-furnace is difficult, in 
view of the variables of time, temperature, load, and 
degree of reduction involved. In regard to the varia- 
tion of load on a lump of ore during its descent in the 
furnace, insufficient data exist for any reliable figures 
to be calculated, the major sources of uncertainty 
being voidage changes and the effect of blast upthrust. 
However, it is thought that the experimental loads 
used are of the same order of magnitude as those in 
the bosh of a modern furnace, and the results show 
that load is not a major factor in determining softening 
behaviour. 

The variables of time and degree of reduction are 
interconnected in the blast-furnace. Time of stock 
descent will affect both the amount and penetration 
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of reduction in a given lump of ore, whose size is also 
important. The effect of penetration is illustrated 
by the 20° C. difference in softening temperatures for 
homogenized and non-homogenized ores. In normal 
working it is probable that both Ouenza and limy 
Oxfordshire ores will be reduced beyond the values 
corresponding to their maximum softening rates, 
before reaching the softening temperatures. Irregular 
stock descent might, however, cause ore lumps 20- 
30% reduced to descend into a hot zone of the fur- 
nace, with subsequent rapid softening. Hard hema- 
tites and magnetites will be reduced only on the 
surface, and although this surface layer will become 
‘ sticky ’, softening temperatures will be greater than 
those encountered in the bosh zone. 

Finally, the temperature distribution within the 
bosh will determine the effect that softening has on 
blast-furnace working. An approximately conical 
distribution of temperature, corresponding to afurnace 
driving up the centre, might be conducive to arch 
formation due to the cementing together of lumps 
of hard coke by the softening ore along an isothermal 
corresponding to the softening temperature. 


CONCLUSIONS 


(1) The simple apparatus described readily enables 
the softening behaviour of any ore or agglomerate to 
be determined under different conditions of reduction 
and loading. 

(2) Softening temperature and range are related to 
the amount and composition of the gangue and to 
the ferrous oxide content. The combined presence 
of silica and ferrous oxide leads to fayalite formation 
and rapid softening. 

(3) Degree of reduction beyond the magnetite stage 
(11-1%) has a major influence on softening rate, with 
a pronounced maximum between 20% and 30% 
reduction. 

(4) For a given percentage reduction, softening 
rate is greatest for a homogenously reduced ore. 

(5) The effect of load in the range studied (6-1- 
10-6 lb./sq. in.) is slight. 

(6) The possible harmful effects of softening will be 
minimized under the following conditions of working : 

(a) Indirect reduction of the ore in the stack 

beyond the critical reduction of 20-30%. 

(b) Use of a mixed burden so that softening 
occupies a greater temperature range. 

(c) Operation of the furnace up the walls rather 
than up the centre, so as to avoid scaffold and arch 
formation. 
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Experimental Study 
of Residual Plastic Strains 
Produced by Spherical Impact 


T is now well known that shot peening, 7.e., bombard- 
ment with metal balls, produces residual com- 
pressive stresses in metal surfaces;!)? it is also 

known that the fatigue strength of a metal is much 
greater if the mean stress is compressive than if it 
is tensile.? These two facts form the theoretical basis 
for the practical method of raising the fatigue strength 
of a metal by shot peening.* 

According to Orowan,* fatigue failure in a material 
is initiated by plastic inhomogeneities which act as 
stress raisers. Where the maximum applied stresses 
are found in the surface of a material, as in bending 
or torsion, a stress raiser will increase the principal 
tensile stress. If the local high stress is in the dangerous 
range for tensile fatigue, failure results. The effects 
of stress raisers may also be present below the surface, 
e.g., the decarburization that results from the hot 
coiling of helical springs.® 

It is evident that there are two requirements to be 
met by shot peening: (i) there should be a sufficiently 
high residual compressive stress to combat the 
dangerous tensile stresses, and (ii) the penetration of 
the beneficial effect should exceed that of the stress 
raisers. * 

The impacting shot in the peening operation causes 
plastic deformation in the surface layers. The pene- 
tration of the beneficial effect depends upon the 
propagation of spherical strain waves at stresses above 
the dynamic yield point of the material. 

The present investigation (which is still in progress) 
was initiated for the study of the propagation of 
spherical waves due to the impact of a sphere on a 
flat plate, and this paper gives the results of tests 
carried out with the impact velocity, energy per blow, 
and radius of curvature of the sphere as variables. 


MATERIALS, APPARATUS, AND TECHNIQUE 
Materials 


An annealed mild steel and an arsenic-free copper 
were used for the tests. Under conditions of longi- 
tudinal impact, the stress/strain curves for these 
materials at various straining rates are widely 
different,’ and for this reason it was hoped that a good 
qualitative indication of the effect of each variable 
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By A. K. Mohamed, B.Sc., M.Eng., 
and A. G. H. Coombs, B.Sc., Ph.D. 


SYNOPSIS 
This paper describes the results of a preliminary investigation 
into the effect of impact velocity, energy per blow, and radius of 
curvature of a spherical indentor on the variation in plastic strain 
produced in copper and a mild steel. The variation in strain has 
been examined by making a hardness survey on a cross-section 
through the centre of the indentation at right-angles to the 


surface. 177 


would be found. The mechanical properties of these 
two materials in the test condition were as follows: 


Property Copper Mild 


Stee 


~ 


Yield stress, tons/sq. in. — 23-2 

Ultimate stress, tons/sq. in, 13 35 °2 

Elongation, % 50 32-5 

Reduction in area, % 70 52-0 
Apparatus 


The impact apparatus (see Fig. 1) consists of an 
anvil (1) to which the specimen (2) is bolted. The 
indentor is released from the solenoid (3), which is 
mounted on a crosshead whose vertical position can 
be adjusted so as to vary the velocity. Figure 1 also 
shows a device for measuring the rebound of the 
indentor. This device consists of a machined cylinder 
(4) whose position on the upright can be adjusted. The 
cylinder is fitted with a collar carrying a pivoted brass 
leaf (5). To calibrate the apparatus, the collar is 
rotated by a spring to bring the leaf into the path of 
the rebounding indentor. The position of the cylinder 
is then adjusted until the indentor rebounds and just 
deflects the brass leaf. 

The variable-velocity tests were carried out using 
a 2}-in. dia. steel ball. To keep the energy per blow 
constant during these tests, a cup was fitted to the 
back of the ball and extra mass was added as shown 
in Fig. 2a. This indentor was also used for the 
variable-energy tests. 

For the tests with indentors of different diameters, 
at constant velocity and energy, a cage was designed 
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Fig. 1—Impact apparatus 


to accommodate balls with diameters in the range 
2-1} in., as shown in Fig. 20. 


Experimental Technique 

The variation of plastic strain was traced by making 
a hardness survey on a suitably prepared cross-section 
of the material, taken through the centre of the 
impression at right-angles to the surface. The copper 
specimens were sawn 3 in. square from a 1-in. thick 
plate, and were surface-ground and annealed. The 
steel specimens were sawn from a ?-in. thick plate, 
and were annealed and then surface-ground to remove 
scale and decarburization products. 

After the indentation had been made, the diameter 
of the impression was measured and a fine line was 
scribed through the centre for the purpose of slitting. 
The cross-section of the part containing half the 
impression and the scribed line was then lightly 
surface-ground to within 0-003 in. of the line. The 
remainder of the preparation consisted of polishing 
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down to the line with progressively finer grades of 
metallographic paper. 

Vickers hardness determinations were made, using 
a 5-kg. load for the copper specimens and a 10-kg. 
load for the steel, in rows and columns spread 0-065 in. 
apart; the first row was located 0-05 in. below the 
surface of the material. 


EXPERIMENTAL RESULTS 
Effect of Varying Impact Velocity 

The first series of tests was carried out to study the 
effects of varying the impact velocity, keeping the 
indentor diameter and the energy per blow constant. 
Complete hardness surveys were carried out for the 
copper and mild-steel specimens in the manner 
previously described. From the hardness measure- 
ments, contour maps of the variation of hardness 
below the surface were drawn; an example is shown 
in Fig. 3. 

From the standpoint of shot-peening operations, 
the main interest lies in the variation in plastic strain 
at right-angles to the surface of the material. In 
Fig. 4a, the variation in percentage hardness increase 
over the hardness of the unstrained material, along the 
centre-line of the impression at right-angles to the 
surface, is plotted for each impact velocity studied. 
The maximum hardness increase is located below the 
surface of the material, and the difference between the 
curves is small. Similar results were obtained for 
mild steel (Fig. 40). 

Under conditions of tensile impact, the shape of 
the stress/strain curve varies with the rate of straining. 
This characteristic is particularly marked for mild 
steel. It might therefore be expected that, under 
spherical impact conditions, significant differences in 
the hardness distributions below the surface would 
result from impacts at different velocities. For the 
velocities used in these tests, however, which may not 
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Fig. 2—Types of indentor: (a) For variable-velocity and 
variable-energy tests; (6) for variable radius of 
curvature tests 
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. of have produced sufficiently high straining rates, no 
significant variation in the value of the maximum 
ing percentage hardness increase or in its position in the 
kg. material is indicated. — 
in. 
for Effect of Radius of Curvature of Indentor 
This series of tests was carried out using indentors 
of different diameters, keeping the impact velocity 
and the energy per blow constant. The results are | 
shown in Fig. 5. Under these conditions the difference 
the between the curves is sufficiently well marked to show 
the significant trends. For both materials, the maximum € 
int. percentage hardness increase falls and the penetration 4 
the of the point of maximum hardness increases as the = 
ner radius of curvature of the indentor increases. S 
ire- Theoretical considerations show that the mean 9 
1eSS8 dynamic pressure decreases with increasing ball 7 
wn diameter; it is therefore to be expected that the o | 
maximum plastic strain corresponding to this pressure rat 
ms, will also decrease. This is in accordance with the = 
; ae a. : ne od tage re) 
ain results in Fig. 5. The total time of impact, which is 2 
In inversely proportional to the mean dynamic pressure, 8 
‘ase will increase as the pressure decreases, so that the us 
the penetration would be expected to increase. ) 
the = 
ied. Effect of Energy per Blow 2 | 6 
the Figure 6 shows the effect of varying the energy per O-7 
the blow on maximum hardness increase and penetration, 
for keeping the impact velocity and the diameter of the —~ 
indentor constant. With both copper and _ steel OF ro > 
of specimens, the maximum percentage hardness increase 
ing. improves as the energy per blow is increased. The | 
rild penetration also shows a tendency to increase. In O49 
der this series of tests, however, the increase in penetration 
3 in is not so significant as that in the tests with indentors j O1 O2 03 O4 Os 
uld of varying diameter. DISTANCE ALONG SPECIMEN, in. 
the oie — _— 
not CONCLUSIONS D = 2} in. d 0-57 in. V = 13-5 ft./sec. E 25-6 ft.lb. 
: : : Fig. 3—Hardness survey for copper specimen; numb 
J ; ‘ y pper sp ; ers 
(1) Under the impact of a spherical indentor, the on curves are D.P.N. Hardness of unstrained 
maximum increase in hardness along a line of sym- metal — 51-8 D.P.N. 
50 ] 
© || @) | ea | 
Copper | | Mild steel | ‘ j 
| . | © V=9 ft/sec 
| 
50 20 i | + 1 V=124 ftipec. - 
| | 4 V=13+5 ft.pec. 
& | | + V~15 frjfsec. 
340 0.V=I75 frec. | 
= | | | 
9 A | / | } 
< | 
= // + | 
Zz 30 il : 4. 10 | | 
| 
cs) N \, | 
rd . | 
y 2 d \ | x 
= | 
| YK. } em 
AS a | 
10) | = fe) 
. 
| | 
S ‘ | 
: | fi Nee 
e) 02 O04 0% O08 “ko O Ol 0-2 0:3 O-4 0-5 0-6 07 
DISTANCE FROM BOTTOM OF INDENTATION, in. 
and ; , ; 
or Fig. 4—Effect of impact velocity on hardness; D = 21 in. (a) Copper specimens, E = 8 ft.lb.; (6) mild-steel 
specimens, E = 6-2 ft.lb. 
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metry at right-angles to the surface is found to lie and maximum percentage increase in hardness of the 
below the surface. material. 

(2) The impact velocity in the range studied appears (3) The penetration of the point of maximum hard- 
to have no significant effect upon the penetration ness increases as the radius of curvature of the 
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Fig. 5—Effect of indentor diameter on hardness; V = 13-5 ft./sec. (a) Copper specimens, E = 17-6 ft.lb.; 
(b) mild-steel specimens, E = 14-85 ft.lb. 
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Fig. 6—Effect of energy per blow on hardness; D = 2} in., V = 13-5 ft./sec. (a) Copper specimens; (6) mild- 
steel specimens 
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indentor increases. Values of the maximum hardness 
increase, however, fall as the radius increases. 

(4) Increasing the energy per blow results in an 
increase of maximum hardness. A tendency for the 
penetration to increase is also found. 
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The Fracture of Alpha Iron 


SYNOPSIS 
The paper describes tests made on silicon ferrite and carbonyl 
iron in the form of single crystals and in the polycrystalline state. 
The formation of Neumann lamelle and cleavage planes were 
studied and the stress to fracture was measured. The stress 
normal to the fracture plane in four crystals of iron was not 
constant, 784 


HE main object of the present investigation was to 
determine the amount of plastic deformation 
involved in the fracture of crystals when such 

fracture was of the cleavage type, distinguishing be- 
tween the deformation that precedes fracture and 
that involved in the actual partition. At the same 
time the effect of orientation on the stress to fracture 
and the centres of initiation of fracture were studied. 


MATERIAL 


It was intended to use large pure-iron crystals for 
this purpose, but only a few were successfully 
prepared. Some large-grained silicon iron was avail- 
able, and this proved more satisfactory for investi- 
gating the development of Neumann lamelle and 
their réle in fracture and for studying characteristics 
of the fractured surfaces, since both phenomena could 
be produced at normal temperatures. Attempts to 
grow iron crystals in samples of Swedish iron and 
Armco iron caused intercrystalline brittleness. The 
most successful crystals were grown in carbonyl iron 
in the form of 10-mm. dia. rods, which required no 
heating in hydrogen, but in which the grain size was 
too large for optimum growth by the method of 
critical strain. 

Three samples of silicon iron were available, referred 
to as A, B, and C. A few test pieces consisting of 
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large grains in thin sheet form (material B) were of 
the same batch used in a previous investigation.? 
The crystals had a marked preferred orientation. 
Another sample (A), of unknown origin, of a plate 
1 in. thick was cut from a casting that contained large 
crystals. Two test pieces were made consisting of a 
single crystal in the parallel portion. As this material 
tended to fracture at the crystal boundaries, no test 
lengths containing a boundary could be used. Finally, 
a silicon iron (C), which on heating at 1080° C. formed 
large grains about 1 mm. dia., was used for studying 
the initiation of Neumann lamelle. All the silicon- 
iron alloys consisted of alpha iron with small particles 
of carbide uniformly dispersed. The carbony] iron 
contained a number of slag inclusions. 

Analysis of the silicon irons was made by the Bragg 
Laboratory, Sheffield. There was insufficient ma- 
terial of sample B to obtain complete results. The 
-arbonyl iron was not analysed, but it is recognized 
as being very low in carbon. 


Material 
Element A B ( 
Carbon, % 0-046 — 0-058 
Silicon, % 3°72 3-41-3-63 4-22 
Manganese, % 0-01 0-04 0-1] 
Phosphorus, % 0-008 0-008 0-020 


PREPARATION OF TEST PIECES 
The test specimens varied in size and shape, and 
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Fig. 1—Dimensions of the test pieces 


their dimensions are given in the Tables describing 
the test results and in Fig. 1. 

After machining, the surfaces were mechanically 
polished and in some instances electrolytically 
polished. Wet polishing of the silicon irons sometimes 
led to tarnishing, and a compromise between a perfect 
surface and one free from distortion had sometimes 
to be made. The labour involved in polishing whole 
test pieces was considerable, but it was considered 
desirable for the study of surface markings and the 
origins of fractures. 

Great difficulty was encountered in preventing 
fracture at the shoulders of the test pieces, parti- 
cularly at low temperatures. The problem was 
partially solved by running solder round the radius 
and applying a load to ensure bedding-down of the 
grips and axial loading before cooling. 

In two flat silicon-iron crystals, the ends were rein- 
forced by welding flat strips of mild steel, as shown 
in Fig. la, before drilling to take the pins through 
which the load was applied. 


DETERMINATION OF CRYSTAL ORIENTATIONS 


X-ray photographs of the crystals were made in 
some cases before testing and in others after fracture. 
Early confirmation was obtained that the cleavage 
planes in the crystals were parallel with planes of 
indices {100}, and this facilitated the identification 
of the orientations. However, local deformation near 
the fracture plane and non-uniformity caused by the 
development of Neumann lamelle, together with 
severe deformation on the fracture plane itself, made 
exact determination difficult in some instances. 

Stereographic projections have been made to show 
the relation between fracture planes and Neumann 
lamellae measured on the specimens and the nearest 
crystal planes determined by means of X-rays. 

The traces of slip bands were, as is usual in alpha 
iron, very irregular and their identification presented 
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many difficulties. Their presence was noted and was 
indicative of normal deformation, but the poles of 
slip planes could not be determined with certainty 
and are not marked on the projections. 


EXPERIMENTAL RESULTS 


It is convenient to consider first the tests on the 
silicon-iron single crystals and polycrystalline ma- 
terial, and then the results from the iron crystals. 


Silicon-Iron Crystals 1 and 2 (Material A) 


These crystals were pulled in tension at room tem- 
perature in the Hounsfield tensometer. The tests 
were interrupted for visual examination, photo- 
graphing, and measurement. Figures 2a and b are 
tracings from the records, and Table I gives a sum- 
mary of the observations. Figures 3a and b show on 
stereographic projections the poles of the principal 
crystal planes, determined from X-ray measurements, 
and the positions of the Neumann lamelle and frac- 
ture planes. The two crystals are of different orien- 
tation in relation to the tension axis. This may 
account for the higher yield stress of crystal 2. Since 
more than one set of bands formed at the yield, the 
critical stress for twinning could not be calculated. 
A section of crystal 1 was subsequently made to con- 
firm that the surface markings were traces of planes 
running through the whole section of the test piece. 

The formation of Neumann lamella was always 
accompanied by a clicking sound and by a drop in 
load, except when only one or two bands developed, 
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Fig. 2—Tensile-test results, using the Hounsfield 
tensometer at 12°C., for (a) silicon-iron crystal 1 
and (6) silicon-iron crystal 2 
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when the extension involved was too small to be 
shown on the record. As soon as normal slip occurred 
with the formation of slip bands, no more Neumann 
lamellz appeared until fracture in crystal 1, when a 
large number formed near the fracture. The pro- 
gressive development of new bands was proved by a 
series of photographs, as well as by inference from the 
test records. 

The observation that normal slip hinders the for- 
mation of these lamellz is in accordance with the early 
work of Pfeil? and more recent work of Cottrell and 
Churchman.* Resting and ageing, however, brings 
about recovery in that lamellz will form on re-strain- 
ing, particularly after heating, analogous to the 
recovery of the yield in mild steel after overstrain. 

The production of further lamelle by the shock of 
fracture confirms earlier observations of Tipper and 
Sullivan! They concluded from evidence obtained 
on similar material that the release of elastic strain 
energy when fracture occurred initiated Neumann for- 
mation. The present results show that not only does 
the shock of fracture produce bands, but it also 
causes them to form in already work-hardened ma- 
terial, 2.e., in a state in which they do not readily 
form under static loading. 


Silicon-Iron Test Pieces 3-6 (Material B) 


These test pieces (see Fig. 1b) were from the same 
material as that used by Tipper and Sullivan. They 
were tested at laboratory temperature (12-14° C.) in 
the Hounsfield tensometer. All broke in a brittle 
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manner, with typical cleavage. Neumann-band for- 
mation was restricted to fracture. The test results 
were as follows : 


ref. Yield Stress, Ultimate Stress, Total Extension 
No. tons/sq. in. tons sq. in. to Fracture 
from Record 
3 21-3 23°45 2°5 
4 20-8 22-4 0-1 
5 20°38 22°4 0-25 
6 19-7 19-7 nil 


Attention is drawn to the connection between ultimate 
stress and extension. The latter was not uniform, 
but approximate figures, which include the fracture, 
are given for comparison. 

The cross-section of test piece 3 consisted of five 
crystals; the relations between fracture plane, 
Neumann lamelle, and the nearest crystal planes in 
four of them were as follows : 


Angle between Trace of Angle between lrace of 
Trace of Nearest rrace of Nearest 
Grain No. Fracture Plane {100} Plane Neumann fii: \ 
and Tension <4 Lamelle and ae 
Axis (X-rays) ‘Yension Axis Plant 
1 81 82 86 S5 
2 78-73 74 $1 77 
72 72 
3 82 $l fe = 
87 89 
5 92 92 $1 87 


Agreement is better between the measured frac- 
ture planes and the X-ray results than between the 
Neumann lamelle and traces of {112} planes, but 
this does not necessarily signify that the lamelle are 
irrational. On the other hand, it may be significant 
that the traces of the Neumann lamelle are all nearly 
perpendicular to the straining axis in the plane of the 








Angles between Traces of Neumann Lamell# and Specimen Axis 


Crystal 1 
A B Cc 

Observed 

Front face 73°5 34-5 67-5 

Side face 52°5 80-5 —52°5 
Predicted 

Front face 74-0 34-0 66-0 

Side face 53-0 82-0 —55-0 


Crystal 2 


A B Cc D 
—53-5 74°5 —59-0 67-0 
62-5 61-0 64-0 —71-0 
—51-0 75-0 —57-5 70-0 
62-0 61-0 —62-0 —70-0 


Fig. 3—Identification of Neumann lamelle in silicon iron: (a) Crystal 1, (6) crystal 2 
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Table I specimen in this thin material. This suggests an in- 
" ; fluence of width/thickness ratio of test sample, similar 
TENSILE TESTS ON CRYSTALS 1 AND 2 to that discussed by Nadai.4 
Crystal No. Loading Remarks 
No. Experiments with Silicon-Iron Alloy (Material C) 
paoncety oh Bingen fall a Crystals large enough to make tests on could not be 
b = 0-251 in. identified as A, B, C (Fig. 3a) grown successfully in this material, but it proved 
t = 0-117 in. useful in the study of the formation of Neumann 
Laboratory Four days’ rest for measuring, etc. ]amellz in a polycrystalline metal and, in particular, 
ere C. 4 2 Drop in load at yield at higher load of the relation between lamelle formation and 
than that previously applied, indi- fracture. 
cating some ageing; normal slip in Flat test pieces (Fig. la) were prepared and polished 
| Neumann lamell@; on one face. They were tested in the Hounsfield 
machine or in a small lever-type machine at specified 
3 Normal deformation, followed by temperatures. The results are given in Table II, 
fracture in a brittle manner on a_ together with relevant comments. The surfaces in 
considerably distorted cleavage the low-temperature tests could not be kept under 
plane (100); new lamelle formed : : 
near fracture (D) observation, but one test (4) was interrupted for 
inspection. This was not likely to influence the 
2 - 1 Yield with fall in load, three sets of TeSults, since the plastic deformation was slight. 
Neumann lamellz2, A, B, and C Reduction in area is given in preference to extension 
b = 0-245 in. (Fig. 3b) measured across the fracture. In several of these 
= @-115 in. 2 More lamelle of same sets asin1; ‘StS the overall extension was negligible, although 
4 slight creep aie * there was considerable local deformation at the frac- 
ture, and the impossibility of joining both parts of the 
3 Further lamellz as above, and a specimen together introduced an error out of all 
new set (D) proportion to the total extension. Another reason 
( 4 More lamellz of all four sets. On for rejecting extension measurements is the tendency 
re-straining, the specimen broke in all low-temperature tests for the slightest surface 
in one grip; it was repaired by scratch or defect to initiate fracture. 
Dieediiacies dane bod Reg _ The first polished test piece (2) was examined at 
the result of resting and heating intervals during the test to study the deformation and 
initiation of Neumann lamelle. A photograph of the 
( 5 Two further large bursts of lamel- surface, at an extension of about 2%, is given in 
. lz, accompanied by drop in load, Fig. 4a, and shows considerable rumpling of the 
b = 0-197 in. on all four sets as above surface and the presence of slip bands, but no Neumann 
, nee ee. { 6 After further formation of a few J@melle. After fracture, however, there was a large 


lamellz, plastic flow and necking number in the immediate vicinity of the fracture (see 
took place in the region compara- Fig. 4b). This observation was confirmed in tests at 
tively free from Neumann lamell@. |ower temperatures. The fractures were all of the 
non ge ee ee ie cleavage type, although there was considerable local 
ductile jagged fracture distortion in some grains. The last column in Table 
II gives the results of some measurements made to 
determine the extent of the zone containing the 
lamellae. They can only be regarded as a rough 

















Table II 
POLYCRYSTALLINE SILICON FERRITE (MATERIAL C) 
Cross-Sectional Area, sq. in. 
Ref. Red. in Area, U.T.S., Temp., Appearance of Neumann 
No. % tons/sq. in. Cc. Lamellz 
Initial | After Fracture 
1 0-0465 — — 44-9 14 (Unpolished) 
2 0-0466 0-0428 8-15 44-4 14 0-08 in. from fracture 
Test interrupted for examination and photographing 
3 0-0459 0-0446 2:94 40-4 — 52 1-0 in. from fracture 
(i.e., up to shoulder) 
4 0-0465 | 0-0465 Not measurable 40:9 —50 0-045 in. from fracture 
Test interrupted for examination and photogr as 
5 0-0313 | 0-0313 | Not measurable 35-15 —53 0-043 in. from fracture 
Broke at gauge mark 
6 0-0313 0-0313 | Not measurable 36-75 —50 0-105 in. from fracture 
7 0:9313 0-0302 . 47-7 —25 0-09 in. from fracture 
































All test pieces except No. 3 were heated in vacuo at 1080 °C., ; No. 3 was heated at 1020 °C. 
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approximation, but with one exception (3) the 
Neumann lamellae were not found at a distance 
greater than 0-lin. away from the fracture. Test 
piece 3 had received a slightly different heat-treatment 
and was remarkable in that normal deformation was 
slight, but lamelle were found as far as the shoulders 
of the test piece. 

No lamellz formed in this material at any tempera- 
ture in a static test except at fracture. In this respect 
the material differs from the two crystals of material 
A, where the lamelle formed at the yield but were 
also inhibited by plastic deformation (except under 
the shock condition of fracture). 

In a polycrystalline material it is difficult to deter- 
mine the sequence of events, since fracture, lamelle, 
and normal slip are found in the same crystal or group 
of crystals, as Figs. 46 and ¢ show. Internal cracks 
were frequent ; Neumann lamelle could be traced on 
both sides of a fracture, indicating formation before 
fracture ; cracks ended at a lamella. Both cracks 
and lamelle ended in zones of greater slip-band 
density, but there was no means of determining the 
sequence, except the general observation that lamellz 
were not present while normal deformation was pro- 
ceeding, and appeared immediately upon fracture. 

The next step was to deform the same material in 
impact and again note the type of deformation 
produced. 


IMPACT TESTS ON MATERIAL C 

The apparatus used for these tests was that con- 
structed by Gibson® for short-duration tests. The 
velocity of impact was about 3 ft./sec., but proved 
to be sufficient for the purpose. 

Specimens with a diameter of 0-200 in. were heat- 
treated at the same temperature as the specimens 
described in the previous section. After polishing, 
they were mounted in the machine and blows of 8 
milliseconds’ duration and of progressively increasing 
magnitude were applied. 
stresses measured by resistance strain gauges were 
photographed. 

By this means, it was found that slip and Neumann 
lamellz appeared together under dynamic loading at 
a stress of 37-4 tons/sq. in. This compares with a 
value of 34-3 tons/sq. in. for the yield stress in the 
static tests just described. It shows conclusively 
that Neumann lamellze cannot be formed in a lattice 
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distorted by slip unless subjected to shock loading, or 

until a critical stress is reached. 

TENSILE TESTS ON CRYSTALS AND POLYCRY- 
STALLINE SAMPLES OF CARBONYL IRON 

Test pieces in which the parallel portion consisted 
of one crystal were machined from the 10-mm. bars, 
where the crystals were grown by the method of 
critical straining and heat-treatment. Final dimen- 
sions are given in Fig. le. 

Only four crystals (8-11) were successfully frac- 
tured in liquid oxygen (temp. —183°C.). Special 
adaptors of Tufnol were machined to hold the test 
pieces and to insulate them from the usual grips of 
the small lever testing machine. A cushion of soft 
solder was used to permit bedding-down of the heads 
under a small initial load before the liquid oxygen 
was poured into a container surrounding the test piece. 
This method ensured reasonably good axial loading. 
Despite these precautions, one crystal fractured where 
the cross-section was reduced from 0-18 to 0-15 in. 
dia. It is clear that at these low temperatures the 
effect of stress concentrations is greatly enhanced. 
No gauge marks were put on the specimen. 

The surfaces were finished with a buffing wax, but 
were by no means perfect. They were sufficiently 
good for surface markings developed during the test 
to be seen after fracture. Some traces of shear 
planes were visible on all four crystals, but only 
crystal 11 was heard to twin before fracture. 

The angles between the traces of the fracture plane 
and deformation bands and the axis of the bar were 
measured at intervals of 45° in the Hilger projector. 
The values were plotted on stereographic projections, 
shown in Figs. 5a and b. The method proved satis- 
factory for the determination of the inclination of 
the fracture planes to the axis. 

The angle between the axis and the fracture plane 
is designated §, and the values are given on the 
projections and in Table III. Crystal 11, in which 6 
= 57°, showed greatest distortion. These planes 
were identified by means of X-rays as being parallel 
to {100} planes. 

Surface markings presented greater difficulties, be- 
cause more than one series appeared at some settings 
and several different great circles might be drawn 
through the points on the projection. On the assump- 
tion that the planes were Neumann lamelle and 








Table III 
TENSILE TESTS ON CARBONYL-IRON SPECIMENS AT —183° C. 
Angle between 

Ref. Load at Initial Final Red. in U.T.S., Fracture Plane Point . 
No, State Fracture, Area, Area, Area, tons P and . A ’ 
No. Ib. sq. in. sq. in. % sq. in. Te Axis | Ib. sq. in. 

8 Single crystal 1127 0-0176 0-0176 - 28-6 70 5:65 x 10 

9 ” 961 0-0176 0-0176 -- 24-4 78 5-22 
10 * 824 0-0174 0:0174 — 21-2 83 4-67 
1i* a 1124 0-0176 0-0176 28-5 57 4-59 
12* Polycrystal 1417 0:0176 0-0176 35-9 
13* As 1447 0-0176 0:0176 : 36-7 
14* 5 1953 0-0176 0-0172 2-27 49-5 



































*Twinning was heard to occur before fracture (to a considerable extent in No. 14) 
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consequently of indices {112}, making angles of 36° 
with the fracture plane, they were all identified 
except for one series in crystal 10. The measured 
points and great circles drawn through them are shown 
in the projections, together with the measured angles 
between the poles and that of the fracture plane. 
The measured angles are within the limits of error of 
the predicted values. The fractures were traversed 
by striations seen in Figs. 5a and 6, and an enlarged 
view of the surface of crystal 9 shows them more 
clearly. In section, the surface is seen to be composed 
of a series of steps, particularly if the orientation of 
the {100} plane is inclined to the tension axis. In 
such circumstances, the fracture must stop and start 
again in a manner illustrated by Fig. 6b and as shown 
in a diagram by Klier.® 

The tensile-test results for the four crystals are 
given in Table III. The value of the stress normal to 
the fracture plane is given in the last column ; it is by 
no means constant, so that Sohncke’s law is not valid 
for this material at this temperature. All the crystals 
had some Neumann lamellz, and crystal 11 was heard 
to twin before fracture, so that the fracture cannot be 
said to be truly brittle. Local distortion was also 
confirmed by means of X-rays. There are, in fact, 
many reasons for expecting scatter, and the results 
from a far larger number of crystals are required 
before final conclusions can be drawn. 

Table III also includes results of tests on the same 
material after the same treatment, in which the cross- 
section consisted of 20-30 crystals. All these samples 
were heard to twin, and sample 14 gave the highest 
figure, probably owing to its greater deformation. 
The ultimate breaking strengths are all considerably 
above those of the crystals and show that polycrys- 
talline material is more resistant to fracture, as well 
as to deformation by shear, in comparison with the 
single crystal. 


SURFACE MARKINGS 


The surface markings of fractured mild-steel plate 
have a characteristic form resembling a chevron 
pattern ; the apex of the chevron, which is usually 
along the centre-line, points towards the origin of 
fracture. Such markings have been described in a 
variety of materials and tentative explanations have 
been put forward.7-" Similar striations have been 
recorded on the cleavage faces of both metal and 
mineralogical crystals in which the pattern bears no 
relation to the crystal structure. 

In addition to the markings just referred to, there 
are others in which the general direction coincides with 
the traces of crystal planes intersecting the plane of 
cleavage. Figures 6a and b show examples of 
secondary cleavage along intersecting planes. 
Another example is that of Fig. 7a, in which the 
straight lines are Neumann lamelle intersecting the 
cleavage plane. Figure 7 illustrates the change in 
character of the flow markings on a single cleavage 
face. A crystal of material B was fractured by a 
punch at one side. Just under the punch there was 
considerable deformation with the formation of 
Neumann lamelle (see Fig. 7a). There was also a 
confused array of fine striations running in all direc- 
tions. Passing away from this region a directional 
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flow pattern developed that had a marked tendency 
to resemble the chevron pattern referred to above. 
This is shown in Fig. 7b at the same magnification as 
the previous figure. What has been described as a 
‘river ’ pattern’ is well developed ; still further away, 
the pattern becomes smoother and closely resembles 
surface markings in glass and plastics. The surface 
of the test piece is shown in some of the photographs 
and would appear to retard the propagation of the 
fracture, if the striations are regarded as representing 
stages in the separation of the two parts of the 
material, i.e., due to changes in velocity of the 
advancing crack. The effect is analogous with that 
associated with the formation of a plastically de- 
formed rim on the surface of a fractured plate.°® 

Figure 7c is still further from the origin and shows 
regular striations broken by a small impurity in their 
path. The change in velocity of fracture is here 
indicated by reversion to irregular markings. 

These striations have been utilized for the purpose 
of locating the initiation of fracture. Figure 6a 
shows how irregular the propagation of the crack 
across the cleavage plane must be when it is inter- 
sected by other crystal planes that are deformed or 
fractured. In no instance was identification of the 
origin of the initial fracture possible in the iron 
crystals, owing to the confusion of markings on the 
surface. 

The mean distortion on the surface was determined 
by back-reflection Laue photographs and was esti- 
mated as about 5% in the top 8u of the surface. The 
depth of the cold-worked zone, determined by shining 
a beam about 1 mm. in diameter at the side of the 
fractured edge, was estimated to be }mm. Hence, 
a mean distortion of about 24% extends 4 mm. into 
the crystal. 

The contributory causes of the distortion have been 
pointed out. In the example quoted, where the 
fractured surface was free from Neumann lamelle, 
X-rays failed to show evidence of plastic deformation, 
although its presence was not thereby excluded. An 
electron-diffraction investigation* revealed that a 
distorted layer about 20 A. thick was still present. 

All existing evidence supports the view that the 
fine striations are unrelated to the crystal structure. 
Confirmation has further been obtained by examina- 
tion of the cleavage face of rock salt. Figure 7d 
shows the similarity between these markings and 
those described in the iron crystals. It is interesting 
to note that there is a marked discontinuity for which 
no explanation other than change in velocity can be 
given and no break where the striations cross an 
obvious zone in the material. This observation gives 


further evidence against Zapffe’s explanation of 


surface markings.!° 


DISCUSSION OF RESULTS 


It has been confirmed that fracture in both pure 
iron and an alloy containing 43% of silicon occurs on 
planes of indices {100} and on the plane nearest 
to 90° to the axis of tension. The fracture is preceded 
by varying amounts of plastic deformation according 
to the composition and temperature. 





*Carried out by Dr. J. W. Menter, of the Department 
of Physical Chemistry, Cambridge University. 
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The ultimate stress of carbonyl-iron crystals at 
—183° C. varies with the inclination of the fracture 
plane to the axis. The value of the stress normal to 
this plane has not been found to be constant, but 
appears to vary with the angle that this plane makes 
with the axis, and possibly with the amount of distor- 
tion preceding fracture. There are not enough 
results to establish this with certainty. 

The formation of slip bands and Neumann lamelle, 
and their relation to fracture, has also been studied. 
The diagram relating slip, twinning, and fracture in 
iron and iron-silicon alloys put forward by Barrett, 
Ansel, and Mehl’? is confirmed qualitatively. No 
estimation of the stress to twin or fracture was made 
in their experiments and insufficient results were 
obtained on the small number of crystals now tested 
upon which to base definite conclusions. It is 
probable, however, that deformation by the formation 
of Neumann lamelle does not obey the critical-shear- 
stress law. Crystals 1 and 2 (material A) were 
differently orientated in relation to the axis of the 
test piece, and in both of these the bands formed 
simultaneously on {112} planes, making widely 
divergent angles with the axis. 

Although the drop in load that accompanies the 
formation of Neumann lamelle may be compared 
with that occurring at the yield point of mild steel and 
resembles the formation of Liiders bands, in contrast 
to these and the formation of twins in zinc,!* they do 
not increase with further straining. Rather, new 
ones appear in regions previously free from deforma- 
tion. 

Since twinning in alpha iron involves a shear of 
0-707, it might be expected that some work-hardening 
would take place, even if the mechanism of formation 
differs from that of normal slip. Bruckner!® made 
microhardness measurements and failed to find an 
increase in hardness. In a similar investigation* on 
a sample of crystal 14, which was sectioned to give 
maximum width of band, no conclusive evidence of 
hardening was found. Neither of these observations 
can be regarded as final, for the plates are too thin to 
support the smallest impression. 

It has been confirmed that previous deformation 
hinders the formation of Neumann lamelle in static 
loading, but that they will form in impact at quite 
low velocities at the same temperature. A recent 
investigation into the effect of strain rate on twinning 
and cleavage in mild steel!* has shown a relationship 
between strain rate and temperature on the incidence 

of twinning, but almost negligible effect on fracture. 
In this paper it was observed that slip bands and 
Neumann lamellze were not found in the same ferrite 
grain, again supporting the view that they do not 
readily form in already plastically deformed material. 
Further support is provided by the observations of 
Geil and Carwile.1° The present work, however, 
shows that they can be formed in severely deformed 
material under shock conditions. This is clearly 
proved by their appearance in the immediate neigh- 
bourhood of fractures only, and by their total absence 
in certain cases until fracture has occurred. 





*Carried out by Mr. P. Whitaker, of Stewarts and 
Lloyds, Ltd. 
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This observation, which was originally made by 
Tipper and Sullivan,! was disputed by Bruckner!® 
and others, who maintain that fracture is initiated by 
Neumann lamelle. All the fractures described in 
this paper were accompanied by lamelle formation, 
but in no instance was fracture initiated in or near 
bands, even when they were present at an early 
stage in the test. Many examples were observed of 
fractures being arrested at the lamellze and at normal 
boundaries. 

Surface markings on cleavage planes are of two 
kinds, one of which can be related to the crystal 
structure. The other is clearly dependent upon the 
direction of the propagating fracture and changes in 
velocity of propagation. They are, in fact, steps 
formed by the momentary arrest of the fracture, 
and their presence supports the general theory of the 
discontinuity of fracture propagation. Any change 
in velocity may lead to deviation of the fracture from 
its normal path and hence cause a break in the smooth- 
ness of the surface of separation. 
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The Formation of Bainite 


in an En 21 Steel 


T has been shown that bainite forms by a shear 
| transformation during which the coherent growth 
is slow, and that there is no fundamental differ- 
ence in the mechanism of formation of bainite in the 
upper and lower temperature ranges.!_ The difference 
between upper and lower bainite lies only in their habit 
and in the location of carbon removed from the «-iron. 
It has been suggested that the coherent growth is 
controlled by the removal of carbon from the bainite, 
either by diffusion into austenite or by precipitation 
as carbide within bainite, or by a combination of both. 
The present paper describes in greater detail the 
decomposition of austenite containing 0-33% C, 
3°47% Ni, 0-74% Mn, 0-07% Cr, and 0-23% Si 
(En 21), the investigation having been extended to 
the temperature range of pro-eutectoid ferrite preci- 
pitation. This steel is of particular interest because 
of the formation of carbide-free «-iron both as ferrite ,* 
which is incoherent with austenite, and as bainite, 
which is coherent with the parent phase, at least 
during its formation. 

Owing to the rapidity of the transformation, this 
steel cannot be conveniently studied by hot-stage 
microscopy. The technique, previously described,} 
of partially transforming the steel in the bainite range 
and removing the remaining austenite by incoherent 
decomposition was therefore used. Specimens were 
metallographically polished, and were sealed in vacuo 
in silica quills. Individual specimens were then 
austenitized for 1 hr. at 1350 + 5° C. (A.S.T.M. grain 
size No. 1-2) and quenched into isothermal baths at 
required temperatures (+-1-5°C.). After the desired 
transformation, the temperature of the specimen was 
raised in a different bath to 630-640° C. and held 
there for 1 day, followed by quenching. The anneal- 
ing above 630° C. produced a layer of ferrite from the 
residual austenite at the free surface, thus enabling 
the bainite to be identified. Direct quenching from 
the first isothermal bath without annealing was used 
to detect the formation of ferrite as a transformation 
product. 

After studying the surface distortion, the structures 


underneath were examined first by removing the relief 


with alumina and then by electrolytically polishing at 
45 V. in a solution containing 7 vol. of ethyl alcohol, 
9 


- 





Manuscript first received 13th March, 1953, and in its 
final form on 8th May, 1953. 

Dr. Ko is a Lecturer in the Department of Metallurgy, 
University of Birmingham. 

* To avoid confusion, the term ‘ ferrite’ will be used 
in the present paper to indicate the «-iron precipitated 
by an incoherent process. 
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vol. of perchloric acid (sp. gr. 1-2), and 1 vol. of 
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SYNOPSIS 


Bainite, formed by a shear transformation during which the 
coherent growth is slow, is observed up to 620° C. when the aus- 
tenite has a grain size of A.S.T.M. No. 1-2. Between 620° and 


540° C. the bainite is free from carbide and different only in habit 
from incoherently precipitated ferrite. Between 540° and 450° C. 
upper bainite, and below 400° C. lower bainite, are observed. The 
formation of &-iron from austenite, both by bainite transformation 
and by ferrite precipitation, between 560°C. and 620°C. is 
examined theoretically. 783 


glycerine. Various etching techniques were used for 
identifying phases, but, unless otherwise stated, the 
etched structures shown in the photographs were 
obtained by electrolytic etching in the above solution. 


RESULTS 
Isothermal Transformation Diagram 


The isothermal transformation diagram of the steel] 
is given in Fig. 1. The curves were produced from 
estimates of transformation products in specimens 
directly quenched from the isothermal transformation 
temperatures. 

As indicated in the diagram, the transformation to 
bainite was faster near the surface. This was also 
true for ferrite and pearlite but, owing to the sluggish- 
ness of their formation, it was less evident. In the 
specimen shown in Fig. 2 there were a few bainite 
plates in every grain near the surface, but no bainite 
had been nucleated within the grains or in the grains 
underneath those shown. The orientation of the free 
surface also had a great effect on the rate of trans- 
formation, even in the case of lower bainite. This 
was clearly shown by the amount of bainite present 
in an austenite grain and its twin crystals, as, for 
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Fig. 1—Isothermal transformation diagram for steel 
En 21, austenitized at 1350° C. for 1 hr. 
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instance, in Fig. 3b of a previous paper,! and also in 
Fig. 10 taken from a specimen of 0-33% C, 2-59% Ni, 
0-53% Cr, 0-58% Mo steel (En 25). 

The critical size of a nucleus must be smaller at the 
free surface than at a grain boundary, since a free 
surface has a higher surface energy and imposes less 
constraint on a coherent transformation. It is not 
clear, however, which of the two has a greater or 
controlling effect on the formation of bainite. It is 
hoped that further work will elucidate this question. 


Formation of Bainite 

The maximum transformation temperature above 
which no bainite was observed (up to 3 days) was 
620°C. Typical structures below 620° C. are shown 
in Figs. 2-8. The transition of structures with the 
temperature was gradual, and the temperature ranges 
given below are those in which the structures de- 
scribed were definite and predominant. 

Between 620° and 540° C. the bainite plates were 
acicular and free from carbide. They were usually 
nucleated at twin interfaces, grain boundaries, or the 
free surface, and became thinner and smaller towards 
the centre of the grains. The bainite plates in the 
specimens directly quenched from about 540° C. were 
usually surrounded by a light-etching sheath (Fig. 5), 
which was not observed in specimens decomposed 
(Fig. 3d) or annealed (Fig. 4) at higher temperatures. 
It is believed that this sheath consisted of martensite 
or austenite enriched with the carbon diffused out 
from the bainite, the transformation temperature 
being sufficiently low to prevent the diffusion of carbon 
further away from the bainite. Such a carbon-rich 
sheath around bainite has also been shown on electron 
micrographs by Schrader and Wever? (see Fig. 9). 

Between 520° and 450° C. most of the bainite can 
be described as ‘ feathery ’ ; a large number of parallel 
z-iron plates grew from grain boundaries with carbide 
particles deposited in the direction of the plates. 
The plates, when individually observed, were usually 
clean, except below about 500°C. when they were 
often found to contain carbide particles in the centre 
of the plates, as shown in Fig. 7. 

Below 400° C. the structure generally described as 
‘ lower ’ bainite was observed, although near the upper 
limit traces of feathery bainite could be found. 
Figure 8 shows a grain surface after partial transfor- 
mation to bainite ; the bainite plates were different 
from those formed at higher temperatures in that they 
were nucleated in the centre of the grain and were 
pointed towards both ends. Previous examination 
of Cr-C steel had shown that lower bainite seen on 
the surface grew in both directions along the habit 
planes, and also in thickness, but much more slowly. 


Formation of Ferrite 


Ferrite was observed in the specimens isothermally 
decomposed above 560°C. That these non-acicular 
a-iron regions were ferritic and not bainitic can be 
seen from the following reasoning : 

(i) They formed along all the grain boundaries and 
the free surface, independently of the grain orientation, 
but rarely on an austenite twin interface 

(ii) They were not accompanied by the surface 
relief associated with bainite and martensite (Fig. 2a). 
They could not be bainite plates lying parallel to the 
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surface, as this can happen only when the orientation 

is such that the surface is parallel to one of the habit 

planes of bainite 
(iii) Bainite plates were often seen enveloped by 
the non-acicular ferrite, with a distinct interface 

(Figs. 3a and d). This could not happen if both were 

bainite. 

The rate of formation of ferrite was very low above 
630°C. Below 600° C. its nucleation along the grain 
boundaries was fairly rapid, but the formation slowed 
down after all the grain boundaries were occupied by 
ferrite or bainite, while the formation of bainite con- 
tinued. These observations indicate that ferrite and 
bainite were formed by independent processes. 


DISCUSSION 
Formation of Ferrite and Bainite 

The most interesting observation in the present 
work is the simultaneous formation of g-iron from 
austenite by both coherent and incoherent transform- 
ations. It suggests that ferrite and bainite are 
formed from different kinds of nuclei, the former from 
nuclei which are incoherent, and the latter from 
nuclei which are coherent, with the parent austenite. 

Owing to the additional shear strain, bainite cannot 
form immediately below A, ; only ferrite will form 
from austenite. As the temperature decreases, ther- 
mal agitation of iron becomes less intense, the growth 
of ferrite by an incoherent process will be slow, and, 
if the temperature lies below B, (the upper limit of 
bainite formation), the transformation will proceed 
mainly by the growth of coherent nuclei to bainite. 
At these temperatures, the mobility of carbon atoms 
remains high and the distance between the few scat- 
tered plates is large ; therefore, nearly all the carbon 
will diffuse into the austenite, producing bainite free 
from carbide. That carbon enrichment in austenite 
accompanies the formation of upper bainite has been 
conclusively shown by Wever, Rose, and_ their 
co-workers.” * 4 

At still lower temperatures, diffusion of carbon 
through austenite becomes difficult, particularly when 
it is entrapped between bainite plates such as those 
shown in Fig. 6, and cementite precipitation will take 
place between adjacent parallel bainite plates, giving 
rise to feathery bainite. This suggestion of the 
mechanism of formation of feathery bainite receives 
strong support from the observation made by 
Schrader and Wever (Fig. 9) that growing feathery 
bainite in a 0:48% C, 1-98°% Mn steel consisted of 
parallel plates of x-iron sheathed by austenite enriched 
in carbon, which was finally precipitated as carbide 
between the plates (upper left corner of Fig. 9). 

Further lowering of temperature will reduce the 
diffusion of carbon through austenite as well as 
through «-iron, and carbide will precipitate within the 
bainite. Furthermore, the driving force at these 
temperatures will be sufficiently large for the nuclea- 
tion of bainite to take place randomly, independently 
of grain boundaries ; the structure generally known as 
‘lower ’ bainite will be observed. 

Table I summarizes the above suggestions for steel 
En 21, but similar behaviours may be expected in 
other hypo-eutectoid steels. The presence of other 
alloying elements will affect only (i) the rate of 
nucleation, through their effects on the relative 
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Table I 
TRANSFORMATION PRODUCTS IN STEEL En 21 
Transformation Product 
—. By Coherent, 
ture, By Incoherent Shear Transformation 
*C. Precipitation 
With Diffusion 
of Carbon With Diffusion Diffusionless 
of Carbon 
Ferrite _— _ 
660A, 
Ferrite and — — 
carbide 
620B, 
Ferrite and Bainite, free —- 
carbide from carbide 
560 

— Bainite, free oe 

from carbide 
540 

— Bainite, car- -- 
bon precipi- 
tated as car- 
bide within 
and between 
bainitic «- 
iron plates 

400 

— Bainite, car- — 
bide mainly 
precipitated 
within bainite 

310M, 

— Bainite,car- | Martensite, 
bide preci- | carbon re- 
pitated with- | maining in 
in bainite solution 

— > Martensite 























stability of austenite and martensite or bainite, and 
(ii) the rate of growth, through their effect on the 
mobility of carbon in the atomic scale. 


Effect of Grain Size 

In a steel such as En 21, in which ferrite and bainite 
can form simultaneously in the same temperature 
range, the observed upper temperature limit of 
bainite formation, B;, cannot be sharply defined, as 
it must vary with the austenite grain size. It is well 
known that B, decreases with increasing carbon 
content (e.g., Lyman and Troiano®). The change in 
grain size affects the amount of ferrite precipitated in 
a given time, thus influencing the carbon content and 
B, of the remaining austenite. This has been con- 
firmed by the observation that specimens isothermally 
transformed at 600° C. after austenitization at 1000°C. 
for 30 min. (A.S.T.M. grain size No. 4-5) were free 
from bainite.* 


Habit of Bainite 

The traces of bainite plates on the free surface, 
particularly those formed at high temperatures, unlike 
those of martensite, were often not very straight ; an 
example is given in Fig. 6. This is understandable, 





*This cannot be an effect of austenitizing temperature 
on the rate of bainite formation, as previous investiga- 
tions® have shown that neither the incubation period nor 
the rate of transformation is affected by the austenitizing 
temperature in this steel. 
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for these bainite plates normally grow from one end, 
their width and length increasing with time. As the 
driving force for the formation of bainite is small, 
the direction of growth is probably easily affected by 
external conditions, and will deviate from the original 
path if, for instance, a strain field due to inclusions 
is encountered. 


CONCLUSIONS 


The terminology of some of the intermediate trans- 
formation products in steel is at present confusing. 
The bainite formed just above M,, in which the 
carbide particles are extremely fine, and normally 
precipitated along planes in the «-iron at an angle to 
the plane of maximum dimensions,? * § is unam- 
biguously known as ‘lower bainite’. That formed 
in the middle bainite range in the present steel, 
characterized by the alignment of carbide particles in 
the direction of habit planes, is generally described as 
‘upper bainite ’ or ‘ feathery bainite ’. The carbide- 
free bainite formed at high temperatures has been 
called ‘upper bainite’, but more often ‘ acicular 
ferrite ’. It seems desirable to differentiate between 
the «-iron formed by bainite transformation and that 
precipitated by incoherent growth, since the kinetics 
of their formation are fundamentally dissimilar and 
their effects on the properties of a steel are different. 
It is suggested, therefore, that the term ‘ acicular 
ferrite ’ should be avoided in describing the carbide- 
free acicular «-iron formed by shear transform- 
ations. This may be conveniently described as 
‘ carbide-free ’ or ‘clean’ bainite, using the terms 
“upper bainite ’ and ‘ lower bainite ’ to describe the 
other two structures. Hultgren has suggested® that 
the acicular «-iron formed by coherent tranformation 
should be called ‘ probainitic ferrite’ and that the 
term ‘ bainite ’ should be used to describe only the 
aggregate of bainitic «-iron and carbide ; but since 
z-iron can form simultaneously by incoherent pre- 
cipitation and by coherent transformation, the term 
‘ probainitic ferrite ’ is confusing. 
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Influence of Ramming and oj Sintering 
on the Penetration of Molten Metals 
into Compacted Silica-Sand Mixes 


By T. P. Hoar, M.A., Ph.D., B.Se., F.R.I.C., F.I.M., D. V. Atterton, M.A., Ph.D., 


and D. H. Houseman, M.A. 


SYNOPSIS 


A quantitative investigation of the influence of ramming and of sintering on the pressure required to make 
molten tin and iron penetrate into dried silica-sand compacts is described. Penetrating pressures were determined 
by the technique previously developed. Results are given for a fine-grained and for a coarse-grained bentonite- 


bonded silica sand. 


The influence of ramming alone on penetrating pressure, over the range 4-10 standard rams, was investigated 
with tin at 650° C. as penetrating metal. Both sands show an increase of 75°% in penetrating pressure over this 
range (from 2] to 38 cm. of Hg for the fine sand and from 7 to 12 cm. for the coarse). The range 0-} ram was 
approximately investigated ; here the penetrating pressure values markedly increase (from 3 to 21 em. of Hg for 


the fine sand and from 0.5 to 7 em. for the coarse). 


The bulk density gradients and green air-permeabilities of both sands were measured over the ramming range 


specified ; a close correlation exists between the surface density of compacts of a given sand and the penetrating 
pressure, and a somewhat less close correlation exists between green air-permeability number and penetrating 


pressure. 


Sieve analyses of the sands suggest that penetrating pressure (for tin at 650° C.) is inversely proportional to 


modal grain-size. 


The combined influence of ramming and sintering on penetrating pressure for the same sands was investigated 
with iron at 1600° C. The penetrating pressure values over the ramming range $—10 rams increase from 35 to 70 cm. 
of Hg (69 to 138 cm. of iron) for the fine sand compacts and from 8 to 25 cm. of Hg (15 to 49 em. of iron) for the 


coarse, 


Measurements made in the foundry on an experimental 280-lb. casting support the above values of penetrating 
pressure for the coarser sand and also yield information on the effectiveness of hand ramming in the foundry. 

The results are interpreted in terms of the modification of the effective pore radius of the compacts produced 
by ramming and by sintering ; this explanation is supported by microscopic examination of penetrated compacts. 


Introduction 


INCE the authors’ earlier paper,! further work on 
the ‘burn on’ problem has been published. 
Gertsman and Murton? state that metal penetra- 
tion is, according to a survey made a few years ago, 
the most pressing technical problem in Canadian 
foundries. They poured small steel castings with 
varying ferrostatic heads up to 30 in., and concluded 
that ferrostatic head is an important, but not the 
sole, cause of metal penetration; other causes may be 
‘gassy’’ metal and a high pouring temperature. In 
their experiments, increase of the degree of ramming 
from 3 to 50 standard rams gave no improvement, nor 
did the application of a usual silica wash. Cores made 
from 100% silica flour resisted penetration by the 
maximum head, and wood flour was effective in 
reducing penetration under a ferrostatic head of 15 in. 
Beeley and Protheroe* have investigated the 
adherence of sand on steel castings by visual com- 
parison of the degree of surface roughness, using a 
numerical assessment based on maximum depth of 
penetration similar to that used earlier by Caine.4 
They conclude that metal penetration severe enough 
to cause sand adherence takes place only above a 
lower limit of pouring temperature. This ‘ critical 
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temperature limit of penetration’ is lowered with 
reduction of sand grain-size and air-permeability, and 
varies directly with solidus temperature when steels 
of different compositions are used. 

Pettersson,> using a technique involving the 
immersion of long, cylindrical sand compacts in 
molten carbon steel, has investigated the variation 
in rate of secondary penetration with time of immer- 
sion, metal pressure and temperature, steel composi- 
tion, and sand grain-size and composition. He dis- 
tinguishes between ‘normal’ penetration, the rate 
of which is controlled by the structure of the sand, 
the magnitude of the metallostatic pressure, and the 
time taken for the penetrating steel probes to begin 
solidification, and ‘ incalculable ’ penetration, which 
may occur in small castings under low metal heads 
and yet proceed at a very high rate. This latter 
penetration, he believes, can result from high gas 
pressure in the metal, movement of sand grains, and 
splitting of groups of grains. 
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A recent paper by Gertsman® extends the work of 
himself and Murton, mentioned above, to include 
castings with a 50-in. head, and substantiates most 
of their conclusions. Gertsman considers small grain- 
size to be important in minimizing penetration, but, 
for sands of the same average grain-size, he has 
observed no significant difference in penetration 
effects between compacts of sands of wide and narrow 
grain-size distributions. He concludes that it is 
difficult to produce deep metal penetration merely by 
increasing pouring temperature; however, in contrast 
to a conclusion of his earlier paper, he recommends 
hard, but not over-hard, ramming to minimize 
penetration. 

The present paper gives results showing the 
influence of degree of ramming and of mould sintering 
on the penetrating pressure of molten metals in 
contact with a fine- and a coarse-grained bentonite- 
bonded silica sand. Penetrating pressures have been 
measured in the laboratory with an improved appar- 
atus based on that developed in the earlier work; 
sand compacts made in a modified standard ramming 
machine, and samples removed from the face of a 
practical mould, have been used. This work has been 
supplemented by observations on a specially designed 
280-lb. casting, and by comparative measurements 
made with a simple new apparatus that utilizes 
mercury as penetrating metal. 


PENETRATION OF TIN AND IRON INTO 
STANDARD RAMMED SAND COMPACTS 

MATERIALS, APPARATUS, AND TECHNIQUE 
Metals 

For experiments at relatively low temperatures, 
tin of 99-89% purity was used as the penetrating 
metal; for those at 1600° C., Armco iron (C, 0-012%; 
8, 0-017%; P, 0-005%; Si, 0-017%; Mn, 0-07%) was 
used. 

Both metals were melted before use, to give pellets 
of a suitable shape. The tin was melted in air and 
the iron by high-frequency induction under an air- 
pressure of 10-3 cm. of mercury or less, the metal 
being kept just molten for about 5 min. to ensure 
sound, gas-free pellets. 


Sands 

The sands used were from the Leighton Buzzard 
deposits (Arnold’s 26A and 52A), which are of 
high purity, having a silica content of at least 99%. 
To remove coarse particles and foreign matter, the 
26A sand was passed through a 22-mesh (B.8.I.) sieve 
before use and the 52A sand through a 16-mesh 
sieve. 

Mixes of 26A and of 52A sands with 4% of Quest 
bentonite and 4% of water, hereafter referred to as 
mixes MP/S/1 and MP/S/2 respectively, were pre- 
pared* in an August Simpson laboratory mill (20 Ib. 
capacity). Sand and binder were milled for 5 min. 
while dry; water was then slowly added and the mix 
milled to constant green compressive strength. — 





* In the laboratories of Messrs. K. and L. Steelfounders 
and Engineers Ltd., by their kind permission. 

t The sieve-aperture interval is defined as the difference 
between the logarithms of the apertures of successive 
sieves in the sieve bank. 
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Sand Control 

The green compressive strength, moisture content, 
and green permeability tests were carried out on the 
mixes immediately after milling. The mixes were 
stored in air-tight jars in a cool place; periodic checks 
of moisture content were carried out as a safeguard. 

Sieve tests were carried out on the sands before and 
after milling, to determine any effect produced by 
milling on the grading of the sands. Cumulative 
grading curves are unsuitable for the determination 
of the most frequently occurring or modal grain-size 
of each sand, since the position of the steeply rising 
portion depends on the sieve meshes used. Davies’ 
following Bagnold® has pointed out that the logarith- 
mic differential grading curve of a sand, in which the 
ordinate is log(percentage weight/sieve-aperture in- 
tervalf), is, however, independent of the sieve bank. 
The fairly sharp peaks of such curves for the sands 


Table I 
SAND GRADINGS BEFORE AND AFTER MILLING 














| Sand in MP/S/1 Sand in MP/S/2 

ove Dim Cumulative|/Cumulative|Cumulative|Cumulative 
% Before % After °, Before °, After 

Mixing Milling* Mixing Milling* 
—16 +22 0-04 0-04 3-0 3-0 
—22 +30 0-2 0:3 31-4 31-1 
—30 +44 0-7 0-9 77-7 77-9 
—44 +60 2:5 2°8 93-9 93-4 
—60 +72 779 7°9 95-9 95-1 
—72 +100 48-0 48-0 97-4 97-1 
—100 +150 90-2 90-4 99-0 99-2 
—150 100-0 100-0 100-0 100-9 




















* Bentonite removed by washing with caustic soda solution and 


then with water. 
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Fig. 1—Logarithmic differential grading curves: (a) 


Fine sand (Arnold’s 26A) in mix MP/S/1; (b) coarse 
sand (Arnold’s 52A) in mix MP/S/2 
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before mixing (Fig. 1) show that both had a somewhat | 
narrow grain-size distribution. In each case the 
ent, abscissa of the peak gives the modal grain size. 

the The sands were milled for about 20 min. with the 


















































oad rollers at their lowest setting; this did not significantly 
ecks alter the sand grading, as shown by the results in 
ard. Table I. It is thus probable that ramming also does 
and not affect the sand grading significantly; valid con- 
L by clusions may consequently be made concerning the 
tive relationship of penetrating pressure to initial grain 
fon size. 
-size 
sing Ramming 
vies? An A.F.S. standard rammer was modified by re- 
rith- moving the original 14-lb. weight, 1-9-in. dia. ram- 
the ming plunger, and 2-0-in. core box, and replacing 
- in- these by a 3-7-lb. weight, a l-in. dia. plunger, and 
ank. 1-03-in. core box, so as to produce the same static 
ands stress (4-9 lb./sq. in.) on the surface of the sand 
compact as did the original rammer. The distance of 
fall of the weight was kept at 2 in., so as to impart 
ING the same energy (0-82 ft.lb./sq. in.) per blow of the 
. | rammer to unit area of the sand in each case. The 
modified rammer produced sand compacts 1-03 in. 
: in dia. and 1 in. high, substantially geometrically 
oy similar to those produced by the A.F.S. standard 
ail rammer, this similarity tending to give a similar 
— distribution of bulk density throughout the depth of 
0 both sizes of compact, although wall-drag may play 
I a somewhat greater part in resisting the effects 
: produced by ramming in the smaller compacts. 
‘. Air-Permeability and Bulk Density of Compacts and 
3 Moulds 
0 A simple apparatus was constructed for use with 
the modified rammer to estimate the air-permeability 
7 and and dry bulk density of compacted sand, and also 
for taking samples directly from the surface of a 
“4 practical mould. It consisted of a 1-in. dia. cork- 
borer together with a stripping-post. A suitable 
720; } 
| | | 1 rom 
| | I \y 
— | | | 42 From 
| Mo | 2 3 
| DISTANCE FROM RAMMED SURFACE, cm, 
| | Fig. 3—Variation of dry bulk density with depth below 
| . | rammed surface 
~] & 480}+— —— ees ae - oe , . , 
So. quantity of sand was placed in the borer and rammed 
5 | \ to give a compact of length 1| in.; the air-permeability 
: | a | number was determined, by means of the B.C.I.R.A. 
| = | a | apparatus, while the compact was still in the tube. 
Fa ~*~_MP/S/2 | The compact was then pushed out with the stripping- 
ts | _———e | post until a cylinder of height 0-5 cm. projected; 
ag this was chopped away, dried in an oven, and weighed. 
a | ineun: aa a ae Further 0-5-cm. cylinders were treated similarly, so 
- | | that the variation of dry bulk density with depth 
| | below the rammed surface could be determined. The 
| Si | technique is also suitable for determining bulk-density 
atin mp/s/| | gradients in the facing sand of practical moulds, since 
| a es ence | the borer can be used to remove samples from the 
=) | | | surface of a mould. [If this is done while the sand is 
Oo 4 3 12 green, patching of the mould is not usually difficult. 
NUMBER OF RAMS Figure 2 shows the air-permeability of green com- 
(a) Fig. 2—Variation of air-permeability of green compacts pacts of both sand mixes determined immediately 
oe with degree of ramming after ramming, for the range 3-10 rams (the ‘ }-ram ’ 
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Fig. 4—Variation of ‘ surface’ bulk density with degree 
of ramming 


compacts were made by allowing the rammer weight 
to fall 1 in. instead of the usual 2 in.). Figure 3 shows 
the variation of dry bulk density with depth below 
the rammed surface of the same compacts, determined 
as described above. By extrapolating the curves, 
which are rectilinear up to depths of about 2 cm., to 
zero depth, the variation of ‘ surface ’ bulk density of 
the compact with degree of ramming may be found 
(Fig. 4). 
Determination of Penetrating Pressure 

The apparatus for measuring penetrating pressure 
(Fig. 5) was similar to that described in the earlier 
paper,! but its versatility was improved by modifica- 
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tions of detail. The H.F. induction furnace was 
capable of melting up to about 200 g. of metal in 
vacuo or in an inert atmosphere; differential pressures 
of up to one atmosphere could then be applied to the 
molten metal resting on a rammed sand compact, so 
as to force the metal into the pores of the compact. 
The gas train, control valves and taps, and gauges 
illustrated secured the purification, control, and 
measurement, respectively, of the gas used for the 
application of pressure. 

The sand was rammed into compacts 1 in. in dia. 
and 1 in. high, by means of the rammer described 
above. Molybdenum contact wires, 0-2 mm. dia., 
were incorporated in the compact, just below its 
rammed face, by means of a doubly-split core-box; 
this located two such wires parallel to the plane of 
the rammed surface and about 2 mm. below it, the 
wires being 6 mm. apart, stretched tightly, and 
secured by screws on either side. Long molybdenum 
wires were twisted round the centre of each of the 
horizontal wires so as to form mechanical joints, and 
were connected to an ohmmeter outside the furnace 
(Fig. 5), so that a substantially instantaneous indica- 
tion of metal penetration could be obtained. When 
the compact had been rammed, it was removed from 
the core-box and the excess horizontal wires trimmed 
off, after which that part of the cylindrical surface 
nearest the contact wires was coated with a thin 
silica wash. The prepared compact was incorporated 
in the apparatus as shown in Fig. 6. The annular 
space between the compact and the crucible was filled 
with hard-rammed fine sand, so that penetration of 
metal to the contact wires could occur only through the 
rammed compact surface. A pellet of degassed metal 
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Fig. 5—Apparatus for measurement of penetrating pressure 
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PENETRATION OF MOLTEN METALS INTO COMPACTED SAND ye 


was placed on top of the dried compact. The apparatus 
was then assembled as shown in Fig. 5, and pumped 
down to a pressure of 10-3 cm. of mercury or less. 
The metal pellet was heated to temperature in 2-5 
min. and held there for 0-5 min. Then a steady stream 
of purified nitrogen was admitted to the top surface 
of the molten metal, so as gradually to increase the 
pressure at the metal/mould interface, the silica tube 
carrying the crucible and compact being kept evacu- 
ated throughout the experiment. The rate of pressure 
application, capable of variation over wide limits, was 
usually between 0-5 and 1-0 cm. of Hg per sec. The 
gas pressure at the instant of penetration, indicated 
on the ohmmeter, was recorded photographically, and 
the correction for the actual head of metal above the 
compact was determined by subsequent direct 
measurement, as in the previous work. 

Temperature was measured by a Pt-13%Rh 
Pt-1%Rh thermocouple; the hot junction was 
enclosed in a silica sheath and immersed in the molten 
metal to a depth sufficient to ensure that true tem- 
peratures were indicated. The inside of the sheath 
was evacuated by means of a water pump to 1-5 mm. 
of Hg (manometer B, Fig. 5), to reduce the pressure 
gradient across the walls of the sheath and yet to 
maintain a sufficiently oxidizing atmosphere within 
the sheath to prevent embrittlement of the hot 
junction. The thermocouple was calibrated before 
and after use at the freezing point of pure silver 
(960-8 + 0-1°C.), and during use in high-temperature 
runs at the temperature of melting iron (1535 + 3° C.) 
—the melting time of constant temperature being 
45-50 sec. of the normal 2-5-min. heating cycle. This 
method of calibration was found to give values in good 
agreement with those obtained from cooling curves 
for iron. 


RESULTS AND INTERPRETATION 


Influence of Degree of Ramming on Penetrating 
Pressure 


At the temperatures that occur in steel-founding 
practice, the effective pore radius of a given compacted 
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Fig. 7—Influence of degree of ramming on penetrating 
pressure for tin at 650° C. 


sand is dependent on the closeness of packing of the 
sand and on sintering and fusion effects between 
individual grains. To isolate the influence of ramming 
alone—that is, of the closeness of packing of unsintered 
material—experiments must be made at temperatures 
well below those at which iron and steel are molten. 
In an investigation of the expansion properties of 
steel-moulding sands, it was shown’ that moulding 
sands are volume-stable between 600° and 750° C. 
over wide ranges of binder content, moisture content, 
and grain size. This temperature range, well below 
the sintering range of bonded silica sands, is thus 
suitable for the investigation of the influence of 
degree of ramming alone on penetrating pressure. 

Tin was used as penetrating metal because of its 
low vapour pressure and low melting point. Compacts 
of sand mixes MP/S/1 and MP/S/2 were prepared in 
the split core-box, with a range of }-10 rams, and the 
penetrating pressures for tin were determined at 
650 + 5°C. A rough estimate was also made of the 
penetrating pressure at ‘ zero ’ rams, with sand loosely 
compacted in a silica tube by dropping a 100-g. 
weight from a height of 1 in. on to the sand surface 
(energy equivalent to ,', ram); molten tin at 650° C. 
was poured slowly through a capillary tube on to the 
sand until penetration occurred. 

The results for dried compacts are shown in Fig. 7. 
Both fine and coarse compacts show an increase of 
75°% in penetrating pressure over the range }—10 rams. 
The results were reproducible to 0-5 cm. of Hg, except 
for the very softly rammed sands; but they neverthe- 
less show that the penetrating pressure decreases 
markedly in the range } > 0 rams, thus explaining 
the serious penetration often found in badly rammed 
places in moulds. 

Figures 8a and b, derived from Figs. 5, 6, and 7, 
show the relationship of penetrating pressure for the 
two sands to air-permeability number and surface 
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Fig. 8—Relationship between penetrating pressure for 
tin at 650°C. and (a) air-permeability number, 
(6) surface density 


density, respectively, in the range 1-10 rams. The 
surface-density relationship is the closer, so that 
surface density may be expected to be a better guide 
than air-permeability to the penetrating pressure, and 
hence to the head of metal that will stand on a given 
compacted sand without penetration. 


Influence of Sand Grain-Size on Penetrating Pressure 
for Well-Rammed Sands 

The sieve analyses of the two sands (Fig. 1 and 
Table I), combined with the data of Fig. 8a, suggest 
that the penetrating pressure for a well-rammed sand 
is inversely proportional to the modal grain size 
(Table II); further work (in progress) has confirmed 
this relationship for other sands. It is not unexpected, 
since penetrating pressure is inversely proportional 
to the effective pore radius, which, from considerations 
of geometrical similarity, is likely to be proportional 
to grain size. 

An approximate calculation of the penetrating 
pressure for a well-compacted sand of known grain 





Section through narrowest part of idealized 
pore 


Fig. 9 
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size can be made from a geometrically idealized model. 
Figure 9 shows the plane of closest approach of three 
spherical sand grains. The curvilinear triangular area 
is the constriction through which metal must pass if 
penetration is to occur, since here the pore between 
the grains is of smallest area and its sides are parallel 
to the direction of metal flow. If the effective pore 
radius is r cm., the penetrating pressure p dynes/sq. 
em. for a metal of surface tension o dynes/cm. making 
a contact angle @ with silica is given by 
_ — 20 cos 0 
pr ae 
Since metals make large contact angles with silica 
and do not wet it, the penetrating metal probe does 
not spread laterally into the corners of the curvilinear 
triangular constriction, and a fair approximation of 
the effective pore radius r is the radius of the inscribed 
circle as shown; for spherical grains of radius s cm., 
this is 0-154 scm. For such an idealized model, there- 
fore, the penetrating pressure is 
20 cos 6 
~ O-15Ts x 981 x 13-56 CM Of He. 

Recently determined values of the surface tension of 
tin at 650°C. and its contact angle with silica are 
500 dynes/em. and 140°, respectively.1° Substituting 
these values, and taking the grain radius s as equal 
to half the modal grain size, the calculated values of 
penetrating pressure given in Table II are obtained; 
these are in good agreement with the experimental 
values. 

The close agreement of calculation from so idealized 
a model with experiment is at first sight astonishing, 
and is no doubt partly fortuitous. However, further 
consideration suggests that although a well-compacted 
sand of which the grains are of variable size and shape, 
and which also contains finely divided clay, doubtless 
contains many constrictions smaller than the idealized 
constriction used for the calculation, it can contain few, 
if any, that are larger. Thus the size of the idealized 
constriction may well be a good approximation to that 
of the largest actual constrictions, through which 
penetration first occurs in practice. 





Combined Influence of Ramming and Sintering on 
Penetrating, Pressure 
The penetrating pressures for dried compacts of 
MP/S/1 and MP/S/2 in the range 3-10 rams were 
determined with degassed iron at 1600 +- 10° C.; the 
results are shown in Fig. 14a. In each case the 


Table II 


VARIATION OF PENETRATING PRESSURE WITH 
MODAL GRAIN SIZE, AND COMPARISON 
WITH CALCULATED VALUES 


For tin at 650° C., and well-rammed sands (10 rams) 




















Penetrating 
Modal Penetrating | Modal Grain Pressure 
Sand Grain Pressure Size » (Calculated 
Mix Size, (Experi- Penetrating from 
cm. mental), Pressure Idealized 
cm. of Hg Model), 
cm. of Hg 
MP/S/1 | 0-0184 37-6 0-692 40 
MP/S/2 | 0-0578 12-0 0-694 13 
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Fig. 10—Unetched specimens of MP/S/1 (10 rams): (a) and (c) Penetrated by tin at 650° C.; (6) and (d) 
penetrated by iron at 1600° C. 
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penetrating pressure for iron, pre, was greater than 
the corresponding value for tin, psn, but the ratio 
Pre/Psn Varied with the degree of ramming of the 
compact. The curves given in Fig. 14b show that for 
both sands pre/psn increases as the degree of ramming 
increases. 

If the surface tension, contact angle, and effective 
pore radius for iron at 1600° C. and for tin at 650° C. 
are indicated by the suffixes Fe and Sn respectively, 
then, 


PFe _ Fe X cos@Fe , TSn 
Psn = oSn X cos$sn TFe 
The best available values for the surface tensions and 


contact angles! 1% 11 are SFe;go9° ¢. = 1500 dynes/cm., 


Ssng59°c, = 500 dynes/em., Ore = 130°, and Os, = 
140°, and these lead to 
Pre 


=: 9.6758. 

Psn Tre 
The experimental values of pye/psy (Fig. 146) are 
well below 2-5 for both sands throughout the entire 
ramming range; thus rp, is always greater than rsp, 
which shows that the sintering taking place at the 
high temperature always increases the effective pore 
radius, in harmony with the previous experiments 
with other sands. The detailed form of the variation 
of pre/Psn with degree of ramming, for the fine and 
coarse sands, is further considered below in the light 
of microscopic results. 


Microscopic Examination of Penetrated Specimens 


Some of the penetrated specimens were sectioned 
in the plane of the contact wires, parallel] to and 2 mm. 
below the rammed surface, and were ground and 
polished for microscopic examination. Figures 10a 
and 0 illustrate specimens of MP/S/1 (10 rams) pene- 
trated by (a) tin at 650° C., and (4) iron at 1600° C. 
Considerable rounding of the pores is apparent in (b) 
as compared with (a). 

The photomicrographs also indicate that either 
metal fills substantially all the initially void space in 
the penetrated part of the compact. Photographic 
printing paper is remarkably even in thickness; thus, 
by cutting prints of photomicrographs such as those 
of Fig. 10 so as to separate light areas (metal) from 
dark areas (sand, clay, and voids), and weighing the 
two areas separately, the fraction of area occupied 
by metal in the cross-section may be estimated. As 
is well known, this is equal to the fraction of volume 
occupied by it in the bulk. Results for two typical 
areas show that tin occupied 39% of the total volume, 
and iron occupied 37%. The bulk density of sand 
MP/S/1, compacted by 10 rams, 2 mm. below the 
rammed surface is 1-65 (Fig. 3); if the density of 
silica is taken to be 2-65 and the same value is assumed 
for the small fraction of dried bentonite (without 
much error), then the initial void space is 

1-65 


2°65 


1 — x 100 38° 





of the total volume. This figure is so close to those 
estimated microscopically for the volume percentage 
of penetrated tin and iron that the indication that 
either metal fills substantially all the initially void 
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Fig. 14—Relationship between degree of ramming and 
(a) penetrating pressure for iron at 1600° C., (b) ratio 
of penetrating pressure for iron at 1600° C. to that 
for tin at 650° C. 


space in the penetrated part of the compact is quanti- 
tatively supported. There must, of course, be some 
very tiny unfilled places, such as those suggested in 
Fig. 9; these, however, are the small corners of small 
constrictions of the actual pores, and are thus of 
comparatively negligible volume. Other unfilled places 
are doubtless the many constrictions smaller than the 
idealized constriction of Fig. 9, but are again of com- 
paratively negligible volume. 

It is unlikely that many large interstices remain 
unfilled as a result of every constriction leading to 
them being too small to admit metal; in a close- 
packed assembly of spheres, the octahedral interstices 
have six, and the tetrahedral four, constrictions 
leading to them, so that in a practical compacted 
sand it is likely that at least one of the constrictions 
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UNSINTERED SINTERED 


Fig. 15—Increase of effective pore radius caused by 
sintering: (a) Hard-rammed compacts; (6) soft- 
rammed compacts. (Schematic) 


leading to each interstice is of the kind suggested 
in Fig. 9 and can thus allow penetration when the 
measured penetrating pressure is reached. 

Figures 10c and d show areas of Figs. 10a and 6 at 
higher magnification; typical angular interstices pre- 
dominate in (c), and well-rounded interstices pre- 
dominate in (d). Also, the penetrated interstices of 
(c) show metal (light) surrounded by films of clay 
and void space (dark), with further clay films sur- 
rounding the sand grains (grey); this feature is notably 
absent in (d), which indicates that the clay films have 
here sintered to an important extent. Figure 11 
illustrates compacts of MP/S/2 (1 ram) penetrated 
by iron at 1600°C., and shows typical ‘ bridges’ of 
clay between the sand grains. These bridges are 
probably formed by the considerable sintering of 
the clay, which also leads to the considerable enlarge- 
ment of the constrictions in the pores between the 
lightly rammed (and therefore widely separated) 
grains, so that molten metal can more readily pene- 
trate. This type of bridge is less common in well- 
rammed compacts, where the junctions between 
grains are mainly of the type illustrated in Fig. 10c. 
The presence of metal is not essential for the formation 
of the bridges, which may be seen in sand compacts 
heated to 1600° C. out of contact with metal. 

The above microscopic observations lead to a simple 
interpretation of the influence of ramming and of 
sintering on penetrating pressure. Figure 15 illus- 
trates this qualitatively for hard- and soft-rammed 
compacts of fine and coarse sands. For hard-rammed 
compacts, the idealized constriction of Fig. 9 has 
already been shown (Table II) to lead to correct 
values of penetrating pressure for unsintered compacts 
of both sands. The heating of such compacts at 
1600° C. produces a moderate increase in effective 
pore radius; the values of pp, /pgn (Fig. 146) indicate 
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that 7rge/7s, is about 1-35 for the fine sand and 1-2 
for the coarse. These values are what might be 
expected if angular constrictions between sand grains, 
approximating to the idealized constriction, tend to 
become rounded by sintering of the sand, with conse- 
quent increase of effective pore radius (Fig. 15a); the 
effect should be rather more pronounced with the 
more readily sinterable finer sand, as was found. 
For soft-rammed compacts, the situation is a little 
more complicated. The values of penetrating pres- 
sures found for unsintered 1-ram compacts are two- 
thirds of those found for unsintered 10-ram compacts 
(Figs. 7 and 14a), so that their effective pore radius 
is 1-5 times as great. Thus, close-packing giving 
constrictions approximating to the idealized con- 
striction is not achieved in l-ram compacts, a con- 
clusion strongly supported by the density measure- 
ments (Figs. 3 and 4), which show that the total void 
space is considerably greater than in 10-ram compacts. 
The heating of l-ram compacts at 1600° C. produces 
a considerable increase in effective pore radius; the 
values of pre/psn (Fig. 14b) indicate that rpe/rsn is 
about 1-6 for the fine sand and 2-1 for the coarse. 
These increases, greater than those found in hard- 
rammed compacts, are almost certainly produced 
mainly by the sintering of clay, as suggested in Fig. 
156. At 160° C. bentonite is much more mobile than 
silica, and in soft-rammed compacts it is in position 
to move in a way such that the effective pore radius 
is considerably increased. In hard-rammed compacts 
most of the bentonite has already, during ramming, 
been pushed into some of the interstices, little being 


left in the effective pores, so that the effects of 


sintering—of a comparatively small amount of clay 
and of the less mobile sand itself—are smaller. 
Influence of Temperature on Penetrating Pressure 
The decrease of penetrating pressure with increase 
of metal temperature in the range 1560-1640° C., for 
iron and MP/S/1 sand mix at 2 and 10 rams, is shown 
in Fig. 16; the results are consistent with the previous 
work with other sands.1_ The decrease is due partly 
to the decrease of metal surface tension and partly to 
increase of effective pore radius, as pointed out in the 
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Fig. 1o—Influence of temperature on penetrating pres- 
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PENETRATION OF MOLTEN METALS INTO COMPACTED SAND 


previous work. The present and previous measure- 
ments are of interest in that they lead to temperature 
derivatives of penetrating pressure, in the range 
1560-1640° C., all of which lie between — 0:1 and 
— 0-3 em. of iron/° C. for a number of sands; this 
result is used later. 


PENETRATING PRESSURE VALUES IN AN 
EXPERIMENTAL CASTING 

An experimental mould to give a casting 6 in. x 
6 in. in horizontal section and 14 in. high, with a 
suitable riser 10 in. high, was carefully made in 
MP/S/2 sand by an experienced moulder. Samples 
1 in. deep and 1 in. in dia. were removed, using the 
technique described above, from the bottom face of 
the mould and from the vertical face opposite the 
ingate, in the positions shown in Fig. 17. Standard- 
rammed dry sand MP/S/2 specimens were placed in 
the cylindrical cavities that remained, and were sealed 
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Fig. 17—Location of standard rammed compacts on 
vertical mould face 
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Table III 


PENETRATING PRESSURE VALUES FOR LABORA- 
TORY EXPERIMENTS AND FOR 280-lb. CASTING 


Sand Mix MP/S/2 




















Estimated Limits of Penetrating Pressure, 
cm. of iron 
No. of Laboratory Experiments 280-lb. Experimental 
Rams (Extrapolated to Casting 
1520° C.) (1513-1527° C. 
| | 
| Min. | Max. Min. | Max 
} | 
| | | 
1 26:8 | 42-8 28-8 | 47-0 
3 | 38:0 | 54-0 47-0 | 55-2 
10 | 58-3 | 74-3 55:2 | 61:0 











in position round the edges with several coats of 
silica wash; Fig. 12 shows some of the specimens in 
position in the vertical face, together with other 
cavities as yet unfilled. At each of the four levels in 
the vertical face, specimens of 1, 3, and 10 standard 
rams were inserted, so that information could be 
obtained about the influence of ferrostatic head on 
penetration into compacted sand of various degrees 
of ramming. 

The casting (in dead-mild steel: C, 0-10%; 
S, 0-016% ; P, 0-028% ; Si, 0-28% ; Mn, 0-51°) was 
poured with the mould surface in the air-dried con- 
dition; mould/metal interface temperatures were 
taken by means of a Pt/Pt-13°, Rh thermocouple, 
with the metal of the casting as an intermediate metal 
at the hot junction, as described clsewhere.!2 This 
thermocouple was calibrated against a standard Pt/Pt— 
13° Rh thermocouple and showed no appreciable 
error due to contamination. The interface reached 
a maximum temperature of 1527° C. (about 14° C. 
above the liquidus for the steel), and the metal re- 
mained molten at the interface for about 50 sec. The 
casting was knocked out when cold and the surface 
was examined for penetration. 

Figure 13 shows the general appearance of the 
vertical face of the casting. Penetration occurred 
successively in the 1-, 3-, and 10-ram compacts as 
ferrostatic head was increased, as is indicated in 
Fig. 17. 

The penetrating pressure values estimated for 
various depths in the casting are not directly com- 
parable with those found in the laboratory apparatus, 
because of differences in (a) temperature, (b) time at 
temperature, (c) metal composition, and (d) mould 
atmosphere. Of these factors, (b) and (c) are in this 
case relatively unimportant, and no satisfactory 
estimate of (d) can at present be made. Allowance 
may be made for the influence of temperature on 
penetrating pressure by extrapolating curves similar 
to those shown in Fig. 16, which leads to a temperature 
derivative of penetrating pressure of — 0-2 + 0-1 
em. of iron/° C. Thus the metallostatic heads observed 
in the laboratory for iron at 1600° C. must be increased 
by 16 + 8 em. of iron to apply at 1520° C. Table III 
shows the results so adjusted, compared with those 
found for the experimental casting. The agreement 
between the two sets of results is satisfactory. 
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VARIATION OF DEGREE OF RAMMING OVER 
THE SURFACE OF THE EXPERIMENTAL 
MOULD 

The samples removed from the surface of the mould 
were dried, and a set of similar standard rammed 
compacts of sand mix MP/S/2 was prepared. Pene- 
trating pressure values for the penetration of mercury* 
into the samples and standards were determined with 
the simplified apparatus, of which Fig. 18 is a self- 
explanatory diagram, that has been described in 
detail elsewhere.1* Figure 19 shows the variation of 
penetrating pressure with degree of ramming for the 
standard rammed specimens, and with it the degree 
of ramming of the mould samples can be calculated 
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Fig. 18—Simplified apparatus for measurement of 
penetrating pressure 
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Fig. 19—Variation of penetrating pressure for mercury 
with degree of ramming (sand mix MP/S/2) 


O 





* The use of mercury as penetrating liquid, at room 
temperature and in ordinary atmospheres, is very 
convenient and quite adequate for the routine com- 
parison of sands, provided that the mercury is run 
through sand mixes several times before measurements 
are made, to give it a considerable degree of contamina- 
tion and consequent ‘ constant’ surface tension. 
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from the penetrating pressures found for them. The 
results (Fig. 20) show that although the mould was 
carefully rammed by an experienced moulder, large 
variations in degree of ramming occurred over the 
vertical face investigated. Values in the range 1-3 
standard rams were the most frequent, although the 
first-rammed material on this face corresponded, 
perhaps significantly, to as much as 10 standard rams. 


DISCUSSION 


The general conclusion that hard ramming is a 
desirable feature of moulds from the standpoint of 
preventing metal penetration is neither remarkable 
nor new. The extent of the improvement to be had 
by harder ramming is, however, noteworthy: one may 
say, quite qualitatively, that a hard-rammed com- 
pacted sand will support, without penetration, two 
or three times the head of metal that the same sand 
will support when soft-rammed. Such an improvement 
is qualitatively of the same order as that to be had 
by the use of a fine rather than a coarse sand. 

The experimental evidence that a practical mould, 
even when carefully hand-rammed by an expert, is by 
no means hard-rammed by laboratory standards, 
especially at surfaces parallel to the direction of ram- 
ming, is not surprising; nor is the variation found over 
its surface, although again the extent of the variation 
is to be noted. Even greater variation may well be 
expected in moulds of awkward shape. When habitual 
trouble due to penetration at soft-rammed spots in a 
mould is experienced, a remedy is clearly to arrange 
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Fig. 20—Variation of degree of ramming over vertical 
face of mould. Circles show approximate location 
of sampies removed; numbers within circles are 
equivalent standard rams for each sample 


SEPTEMBER, 1953 





ae a ae 


“SF” Oo 


1 


n. The 
ild was 
r, large 
ver the 
nge 1-3 
ugh the 
ponded, 
‘d rams. 


ng is a 
0int of 
arkable 
be had 
me may 
d com- 
on, two 
me sand 
yvement 


be had 


| mould, 
rt, is by 
undards, 
of ram- 
ind over 
ariation 
well be 
habitual 
ots in a 
arrange 


>F 
IG 


I 
- vertical 
- location 
rcies are 
le 


BER, 1953 





PENETRATION OF MOLTEN METALS INTO COMPACTED SAND 29 


for local hard hand-ramming, of a thin layer of facing 
sand, at right-angles to the mould surface, so as to 
obtain the highest possible bulk density of the mould 
surface. A relatively thick layer of facing sand is 
undesirable, because although the rammed surface of 
the facing sand may then be well compacted, the sand 
in contact with the pattern may not. 

The technique of taking samples from mould sur- 
faces, and testing these directly for penetrating 
pressure, should be capable of development as a 
practical inspection method for moulds where penetra- 
tion trouble is expected. 

The hard ramming of sand moulds is not without 
possible disadvantages, apart from its obvious diffi- 
culty of achievement. The thermal stability of a 
mould surface may be adversely influenced by hard 
ramming, especially if the density gradient from the 
surface to the interior of the compacted sand is high, 
as suggested elsewhere.® If such thermal instability 
should lead to spalling or to cracking and veining, 
evidently the prevention of intergranular metal 
penetration into the mould will have been achieved 
only at the expense of equivalent trouble. However, 
moderately effective remedies for thermal instability 
of moulds other than a reduced degree of ramming 
are known, and better ones will doubtless continue to 
be sought along the lines of improved sand-mix 
compositions and gradings; it is thus not unreasonable 
to expect that sand mixes will undergo further 
improvement in respect of their ability to stand the 
hard ramming desirable for the prevention of inter- 
granular metal penetration. 

The results of mould sintering at steel-founding 
emperatures are generally deleterious. At hard- 
rammed places in moulds, the general improvement 
to be had by the use of a finer sand is partially offset 
by its greater degree of sintering; but at soft-rammed 
places—where intergranular metal penetration is, 
other things being equal, more likely to be encoun- 
tered—the improvement to be had by the use of a 
finer sand may be somewhat assisted by its better 
resistance to the formation of enlarged pores by 
sintering. All sintering phenomena are, of course, 
enhanced by rise of temperature, which also leads 
to an undesirable fall in metal surface tension; the 
conclusion that, for the minimizing of metal penetra- 
tion, pouring temperatures should be kept low is 
satisfactory from several other points of view, and 
is in general agreement with previous work.} 2) 3 14 
However, effects produced by sintering may some- 
times be turned to advantage, as with the sinterable 
mould washes, previously described,! that may form 
viscous, non-porous layers on the mould surface; 
further work on these washes is in progress. 


SUMMARIZED CONCLUSIONS 


(1) Penetrating pressure considerably increases as 
the degree of ramming increases, for both fine- and 
coarse-grained sand compacts. 

(2) A close correlation exists between surface density 
of sand compacts and penetrating pressure; that 
between green air-permeability number and penetrat- 
ing pressure is slightly less good. 

(3) Sintering at 1600°C. reduces the penetrating 
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pressure values below those calculated from low-tem- 
perature results; the effect is greater for soft- than 
for hard-rammed compacts and greater for fine than 
for coarse sand mixes in hard-rammed compacts, but 
it is greater for coarse than for fine mixes in soft- 
rammed compacts. 

(4) The penetrating pressure for iron falls consider- 
ably as temperature increases from 1560° to 1640° C., 
for both soft- and hard-rammed compacts. 

(5) Microscopic examination of compacts penetrated 
by tin and by iron shows that sintering produces 
rounding of the pores; these become somewhat fewer 
in number but greater in individual area, especially in 
soft-rammed compacts. 

(6) Practical foundry moulds may be sampled (and 
repaired), and the samples tested for penetrating 
pressure on a simple apparatus suitable for routine 
testing. 

(7) Penetrating pressure values closely similar to 
those found in the laboratory may be expected in 
practical castings made in the foundry. 

(8) In carefully hand-made foundry moulds, a rather 
low average degree of ramming, with wide variations 
of degree of ramming over the surface, is to be 
expected, especially on faces parallel to the direction 
of ramming. 
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The Specific Heat of Austenite and Martensite 


By E. Griffiths, 0.B.E., D.Sc., F.R.S., and P. R. Pallister, Ph.D. 


. liability of steel in the austenitic condition to 
supercool and its subsequent relaxation into a 

series of other structures render the specific heat 
at subcritical temperatures a variable quantity. A 
selected steel may, however, be quenched to some 
temperature at which transformation is so slow that 
all the austenite is retained for a limited period. 
Working at this temperature it is therefore possible 
to obtain a specific-heat value for the austenitic state 
and to compare it with the specific heat of the steel 
in the annealed ferritic state. Extension of the 
quenching operation to lower temperatures converts 
the austenite to martensite, in which condition further 
measurements can be made. Comparative data are 
thus secured relating to three crystalline forms: face- 
centred cubic austenite, body-centred cubic ferrite, 
and tetragonal martensite. 

The ball-race steel En 31 appears to qualify as a 
suitable test material and does not require a special 
laboratory heat for its manufacture. An isothermal 
transformation diagram published! for a similar steel, 
S.A.E. 52100, austenitized at an appropriate tempera- 
ture, indicates that the upper-range transformation 
would be sufficiently retarded to permit retention of 
the whole of the austenite on quenching to 150° C., 
and the period of induction at this temperature would 
be satisfactorily long. It is necessary to verify this 
possibility under the actual conditions prevailing 
during the quenching operation and the specific-heat 
measurement. For this purpose observation of length- 
changes after quenching to 150°C. would give an 
indication of the stability of the austenite at that 
temperature, and a microscopic examination of the 
further-quenched steel would determine whether any 
transformation to the ferrite +- carbide structures had 
taken place to a measurable extent. Such tests have 
accordingly been carried out on steel En 31.* 

In addition, steel 8 of the Sub-Committee’s series 
of 22 steels has been subjected to similar tests, 
although it is less satisfactory for the main purpose 
of this work because of the lower stability of the 
quenched austenite. 


EXPERIMENTAL PROCEDURE 

Test pieces of the sample steels are prepared in the 
form of 1-in. dia. bushes, 3 in. long and of }-in. bore, 
the end faces being finished parallel to 0-0001 in. 
Two small holes are drilled radially to half-way 
through the wall of each specimen on opposite sides 
and situated at one-quarter of the length from each 
end. Welded spherical junctions of chromel and 
alumel wire are pressed into the holes and the insu- 
lated leads are bound to the surface of the specimen. 





* Supplied by Kayser, Ellison and Co., Ltd. 
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SYNOPSIS 

The specific heat of two steels has been measured on partially 
quenched austenitic and fully quenched martensitic specimens, the 
progress of transformation being checked by expansion measure- 
ments. Comparative results for the ferritic condition have also 
been secured. Details are given of the experimental procedure. 

785 
The thermocouple leads serve for suspension purposes 
when heating the test piece in the furnace. A vertical 
furnace tube is used, from which air is excluded by a 
continuous flow of argon. When the test piece has 
received the appropriate thermal soaking, it is lowered 
rapidly into a thermostatic oil tank, which is restored 
to the correct temperature by the immediate addition 
of a small quantity of cold oil. The thermocouples, 
which have been subjected to the quenching operation, 
are now discarded. Figure 1 shows the oil tank with 
its various fittings. For expansion measurements a 
3-in. hand micrometer is mounted on a stand in the 
oil tank so that the axis of the instrument lies parallel 
to the oil surface and the scale may be observed 
through the thin layer of oil above it. The test piece 
is manipulated with tongs and the micrometer is 
adjusted by means of a wheel, the spokes of which 
project above the oil level. The micrometer readings 
register the progress of transformations in the speci- 
men with changing time and temperature, being barely 
influenced by the normal differential expansion 
between the micrometer and the specimen resulting 
from temperature changes alone. Freedom from 
flexural errors in the micrometer is checked at different 
temperatures by means of a 3-in. setting bar. 

For specific-heat measurement the hot-quenched 
test piece has to be fitted with fresh thermocouples 
and introduced into a copper can while still immersed 
in the oil. The oil is syphoned out of the can through 
an aperture in its lid and the residual film on the 
test piece is wiped away with a probe of blotting 
paper. It is then necessary to introduce into the can 
a cork block and a heater coil of low thermal capacity. 
When acclimatized, the heater is slid into the specimen 
and the specimen is placed on the cork block. Opera- 
tions with the lid off are carried out very rapidly to 
avoid appreciable heat losses. When the specimen 
attains the steady desired temperature, it is heated 
electrically for about 15 sec., reaching a maximum 





Paper MG/AF/78/47 of the Thermal Treatment Sub- 
Committee of the Alloy Steels Committee of the Metal- 
lurgy (General) Division of the British Iron and Steel 
Research Association, first received 12th March, 1955, 
and in its final form on 21st May, 1953. The views 
expressed are the authors’, and are not necessarily 
endorsed by the Committee as a body. 

Dr. Griffiths is on the staff of the Physics Division of 
the National Physical Laboratory and Dr. Pallister is 
Senior Lecturer in the College of Engineering and Science, 
Woolwich Polytechnic. 
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GRIFFITHS AND PALLISTER: SPECIFIC HEAT OF AUSTENITE AND MARTENSITE 31 





temperature, corresponding to a rise of about 5° C., 0-020 - - 
within a minute. The energy delivered is calculated 
from wattmeter and chronometer observations, and 
the temperature rise is derived from a_ suitably | 
amplified automatic recording of the thermal e.m-f. 
A cooling curve recorded for several minutes serves pe 

for correction due to heat loss. The thermal] capacity aia | \22100,1000.. ~~~ pega ati ee 
of the heater is determined from similar observations Bhr. 7% 
on a series of test pieces of varying wall thickness. 
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RESULTS 
Preliminary Observations 
Steel En 31, austenitized at 1060° C. for 3 hr. and 
quenched in oil at 150° C., was measured at intervals 
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austenitized at 1060° C. for 4 hr. and quenched to 
150°C. Extension due to complete martensitic 
transformation alone = 0-0066 in./in. 


with the oil-immersed micrometer. Figure 2 shows 
that the steel was stable for about 6 hr. The tempera- 
ture was then allowed to fall to bring on the con- 
version to martensite. Growth started at 120°C. 
(evidently the M, point) and continued with decreas- 
ing temperature. From a normal room temperature 
of 20°C. the specimen was drastically cooled to 
— 80° C., and on recovery to room temperature trans- 
formation was found to have progressed to an extent 
that justified subnormal cooling for completion. A 
sample of the steel subjected to the same treatment 
and examined microscopically proved to be sub- 
stantially martensite with a negligible amount of 
inclusions. Decarburization at the surface had taken 
place, but not enough to affect specific-heat measure- 
ments by as much as 1%. 

Figure 3 shows the lower stability of steel 8 when 
austenitized at 920° C. and quenched to 180°C. Apart 
from the anticipated partial transformation of the 
austenite during the quenching process, the instability 
of the remaining austenite 2 hr. after quenching is 
noticeable. Again subnormal cooling appeared to be 
necessary for conversion of the remaining austenite 
to martensite. Microscopic examination of a sample 
of the steel, quenched as before and cooled to — 80° C., 
revealed the presence of transformation products from 
both the upper and intermediate ranges as well as 
the predominating martensite. It was therefore 
impossible to measure specific heats of this steel either 
as austenite at 180° C. or as martensite at low tempera- 
tures. Nevertheless, it was considered that some 
useful comparative data could be obtained. 
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Fig. 1—Oil tank fitted for (a) quenching and expansion a Measurements ‘ ae ; 
observations and (6) specific-heat observations Steel En 31—A specimen of steel En 31 was first 
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Fig. 3—Growth due to transformation in steel 8, austeni- 
tized at 920° C. for 4 hr. and quenched to 180° C. 


annealed in vacuo at 800°C. and then used in the 
ferrite +- carbide condition for a continuous series of 
measurements of specific heat from 0° to 150° C. The 
numerous observation points lie generally within 4% 
of the values indicated by the full-line curve given 
in Fig. 4. The specimen was then quenched from 
1060° to 150° C. in oil, and again measurements were 
made at the latter temperature. The mean value of 
two series of measurements for the austenitic state 
at 150° C. is 0-138 cal./g.° C., whereas in the annealed 
state the value is 0-128 cal./g.°C. The same sample 
of steel was then quenched in oil from 1060° C., under 
similar conditions, to room temperature and further 
cooled to 0°C. The few observations made on the 
steel over a small temperature range showed the 
specific heat to lie above the values for the annealed 
state, the 2% excess being outside the experimental 
error and no doubt reflecting the influence of austenite 
retained to 0° C. Further cooling to — 80° C. resulted 
in values that were only slightly below those for the 
annealed state. It appears that the specific heat of 
martensite in the neighbourhood of normal room 
temperatures is not very different from that of the 
ferrite +- carbide. The course of observations on the 
martensitic state up to 150°C. is irregular, but this 
part of the investigation was not pursued in detail, 
for the results might have been affected by the 
changes occurring in the steel during the tempering 
process. 

Steel 8—The results of observations on steel 8, 
which was annealed at 800°C., are also given in 
Fig. 4. The three points plotted at 75°, 125°, and 
175° C. are taken from data already published.? The 
specific heat of this steel as austenite at 180° C. would 
be greater than 0-134 cal./g. ° C., the mean of values 
found for the partly austenitic state, whereas the 
annealed state gives a corresponding value of 0-128 
eal./g. °C. There is no marked departure from the 
“annealed ’ curve over the range 0-50° C. whether 
the specimen is cooled to 0°C. only or further to 
— 80°C. after the quench to room temperature. 
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Fig. 4—Specific heat of (a) steel En 31 and (6) steel 8 


Again, therefore, the method of measurement cannot 
resolve between specific heats of martensite and 
ferrite +- carbide. The departure of the observation 
points from the ‘ annealed’ curve above 60° C. may 
arise, as with steel En 31, from the tempering process. 

Some incidental hardness determinations made at 
room temperature on both steels in various conditions 
are given below. The indentations were made midway 
across the section of the wall. 


Hardness, D.P.N. 


Steel After Quenching Plus Cooling Plus Cooling 
to 20° C, toa c, to — 80°C, 
En 31 840 $50 850 
fe) 800 825 839 
CONCLUSIONS 


From work on austenitic alloy steels* it is known 
that the specific heat of gamma iron exceeds that of 
alpha iron below 300°C. The present results with 
steel En 31 show a similar relation between austenite 
and ferrite + carbide at 150° C. If allowance is made 
for the contributions towards specific heat by the 
various elements present other than iron, values of 
0-135 cal./g. ° C. for gamma iron and 0-125 cal./g. ° C. 
for alpha iron are deduced. It appears that, in the 
neighbourhood of room temperature, martensite has 
(within experimental error) the same specific heat as 
ferrite -- carbide. 
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The Thermodynamics of Metallurgical 


Carbides and 


compounds between oxides, and for sulphides 
have been reviewed and assessed in previous 
papers in this series.®% 7%, 7 

In the present paper equilibrium and thermal data 
have been employed in deriving the free-energy 
equations for carbides and for solutions of carbon in 
solid and molten iron. The data are presented in 
the form of carbon-potential (Ayc)/temperature dia- 
grams, which are similar to the oxygen-potential 
diagrams described previously.” 

The heat-capacity and entropy data calculated and 
recommended by Kelley** 44 have been found in- 
valuable and have been used without recalculation. 
The 1937 Bulletin on Carbides and Nitrides*? has 
been a useful source of information on the older 
literature, although none of the equations derived 
there has been used directly in this work. 

The use of the free-energy diagrams for rapid and 
approximate calculations has already been explained. ® 

Notation—Many metal carbides exist over a range 
of composition. When this is so, their formulae 
are represented in inverted commas (e.g., ‘Mo,C’). 
When the AG® values given by the equations of the 
Appendix, or in Fig. 1, refer to a carbide which has 
the stoichiometric composition but which can be 
non-stoichiometric, the letters s.c. are added after 
the carbide (e.g., ‘ TiC ’ s.c.). When the non-stoichio- 
metric carbide has the composition in equilibrium with 
solid metal or other solid carbide, no letter is added. 

Standard States—The standard states selected for 
the various substances are as follows : 

Carbon—f-graphite 

Carbides—Pure stable crystalline solids 

Gases—1 atm. pressure 

Metals—Pure stable solids, liquids, or gases (according 

to whether they are below melting or boiling 
points) in Figs. 1 and 2 and all the equations ; 
metals in solution in liquid or solid iron at an 
activity of 1% and 10% of that of the pure 
liquid or solid metal in Figs. 3 and 4, respec- 
tively. 

Linearity—All the recommended free-energy equa- 
tions are linear, with the exception of those for 
C-CO-CO, and C-H,-CH,. The free-energy values 
given by the linear equations are well within the 
likely limits of error, though neither AH° nor AS° is 
necessarily constant within these same limits. 

Accuracy—The accuracy gradings suggested for the 
equations are the same as those used previously: 


A +1kg. cal. C +10kg. cal. 
B4+3kg. cal. D+> 10 kg. cal. 


Peas: data available for oxides, for 
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of Carbon in Iron 


By F. D. Richardson 


SYNOPSIS 


A survey is made of the available data on the thermodynamics 
of metal carbides, of gaseous carbon compounds, and of solutions 
of carbon in solid and molten iron. The results are plotted on 
free-energy (carbon potential) /temperature diagrams and equations, 
and likely accuracies are quoted for each substance or system. The 
formation of carbides in iron alloys and the partial molar heats and 
entropies of solution of carbon in iron are discussed on the basis of 
these thermodynamic data. An ideal solution law is proposed for 
mixed carbides such as (Fe, Mn),C. 786 


The significance of these limits has already been 
explained in the appendix to the paper on sulphides.” 


GASEOUS CARBON COMPOUNDS 


The gaseous compounds of carbon which are im- 
portant from the standpoint of carbide equilibria are 
those involving methane and CO and CO, : 

C + 2H, = CH, 

© + CO, = 200. 
Methane-hydrogen and CO-CO, gas mixtures are 
commonly used as a means of controlling or measuring 
carbon potentials, both in laboratory investigations 
and in carburizing processes. 

The data on both these equilibria are established 
with sufficient accuracy to justify the free energies 
of reaction being represented by curves and non- 
linear equations. At temperatures above 400°C., 
however, the free-energy/temperature relationships 
for both reactions are linear to within +600 cal. 
Except in a few cases, such as Fe,C for example, this 
error is much less than the probable errors in the 
carbide data. The (pco)?/pcos and por, /(pHe)® nomo- 
grams at the edges of the diagrams (Figs. 1, 2, 3 and 4) 
are therefore based on the approximate linear equa- 
tions given in the Appendix. By means of them it is 
possible to determine at a glance the values of 
(pco)?/pco. OF PcHs/(PHe)* in equilibrium with any 
carbide system, or desired carbon potential, at any 
temperature. Suppose, for example, it is desired to 
know the values of these ratios in equilibrium with Cr 
and the lowest chromium carbide at 600°C. The 
value of Auc in equilibrium with Cr—Cr,,C, at 600° C. 
is —17-7 kg. cal. If a taut string or straight edge 
is now placed across Fig. 1 so that it passes through 
the point CH, and —17-7kg. cal. at 600°C., the 
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where the letters s.c. have been added, the Ayc values apply to the non-stoichi 
stoichiometric composition. Ta-‘TaC’ s.c., —64-0 kg. cal. (D), and Mg,C,-MgC,, 
both at 25° C., are not plotted owing to size of diagram 
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ratio pou,/(pHe)? can be read at the point at which 
the straight edge cuts the CH,/H, scale, interpolation 
between the markings being logarithmic. The value 
is 10-*8 (s.e., 1-6 x 10-°). 

An exactly similar procedure could have been 
arranged for reading the corresponding (pco)?/pcoe 
ratios, had it been convenient to have a diagram 
extending to + 41 kg. cal. For obvious reasons this 
was not desirable, so a somewhat different CO/CO, 
scale has been devised. Imaginary lines joining 
corresponding markings on the horizontal and vertical 
CO/CO, scales represent the carbon potentials of gas 
mixtures corresponding to the values of these mark- 
ings. The position of any point in the diagram 
relative to the pair of CO/CO, lines which straddles 
it gives the value of (pco)?/poog in equilibrium with 
the particular carbon potential. Thus the carbon 
potential for the system Cr-Cr,,C, at 600°C. lies 
between the (pco)?/pcog values of 10-5 and 10-*. 
Interpolating at 600° C. between the two lines in a 
logarithmic manner leads to an approximate value 
of (pco)*/Pcos of 10-54 (436s; 4 x 10-*). 


CARBIDES OF THE METALS 


Figure 1 is the free-energy diagram for the carbides 
of the metals. The free energies have been derived 
from both heat of formation and heat-capacity data 
and from equilibrium measurements. The reliability 
of both the heats of formation and the free energies of 
formation derived from equilibrium data are some- 
what difficult to assess. The heats of formation of 
the carbides are commonly derived from the differ- 
ences between large thermal quantities. For example, 
the heat of formation of Mn,C has been derived from 
the difference between the heats of combustion of 
Mn,C and the sum of the heats of combustion of Mn 
and C. It is small wonder that the relatively small 
differences between such large quantities commonly 
have large percentage inaccuracies. 

On the other hand, the equilibrium measurements 
are also liable to large errors. A common technique 
is to measure the total pressure generated by heating 
an oxide—carbide—carbon mixture, such as SiO0,—C-SiC, 
and to assume that this is caused entirely by CO, 
according to some such equilibrium as 

SiO, + 3C = SiC + 2C0. 
Though most of the pressure may be due to CO, a 
significant proportion may be due to volatile oxides 
such as SiO, Al,O, etc. It follows that, although the 
measured total pressure may be approximately equal 
to poo, the temperature dependence of pressure may 
be considerably in error. 

Another common technique has been to study the 
metal-carbide—metal—hydrogen—methane equilibrium, 
as for example in the case of cobalt, 

2Co + CH, = Co,C + 2H,, 
by measurement of the proportions of methane and 
hydrogen in the equilibrium gas mixture. There are 
possible sources of error here. The gases have com- 
monly been sampled entirely or in part from the cold 
end of the equilibrium apparatus. Unless, however, 
the gas mixture is circulated by a pump over the 
hot carbide-metal mixture at a speed adequate to 
prevent thermal segregation, the proportions of CH, 
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measured in the gases will be higher than those in 
contact and in equilibrium with the carbide—-metal 
mixture. In cases where static techniques have been 
employed, it is not necessarily possible to assume 
that the investigators’ carbon—methane-hydrogen 
equilibrium measurements contain a similar and 
proportionate error due to thermal segregation, 
which can be eliminated in deriving the value of AG? 
from the ratio of the values of pouy/(pHe)® in equili- 
brium with the carbide and with carbon. The value 
of pou,y/(pH2)? may have been determined in equili- 
brium with deposited carbon which may not have 
been graphitized, and which may thus have been in 
equilibrium with higher values of pey,/(pH)? than 
would B-graphite. The error in AG®° (per gram-atom 
of carbon) due to this cause can amount to about 
300 cal.,)4 corresponding to an error of about 12°, in 
the ratio pou4/(pHe)* at 700° C. 

In general, most reliance has been placed by the 
author on equilibrium studies with circulating gases 
and on modern heat of combustion and heat of solu- 
tion measurements. 

There is a further difficulty which arises from the 
non-stoichiometry that occurs with carbides such 
as ‘ TiC’, ‘ Mo,C’, ete., which can exist over con- 
siderable ranges of composition. ‘Mo,C’, which is 
probably stoichiometric when carbon-rich (5+88 wt.-% 
of carbon), may contain as little as 5-3° of carbon 
when in equilibrium with Mo metal at 2200° C.4 

As has already been explained in detail in the case 
of metal sulphides,‘t which also exhibit considerable 
ranges of composition, non-stoichiometry may lead 
to a difference between the free energies of formation 
obtained from calorimetry and those obtained from 
equilibrium measurements. In the former the stoi- 
chiometric carbides are normally used ; in the latter 
the carbides taking part have variable compositions, 
depending on whether they are in equilibrium with 
metals, with other carbides, or with oxides. In 
addition, the composition participating in any one 
equilibrium commonly varies slightly with tempera- 
ture. AG° obtained thermally thus holds for the 
reaction 

M + Cer.) = ‘MO’ s.c., 
and AG® obtained from equilibrium holds for 

aM + Cgrer.) = y ‘May’, 

yy 

In these equations, WV represents a metal atom and x 
and y are numbers. The AG values obtained in 
these two different ways should not, therefore, be 
expected to be equal when non-stoichiometry is 
significant. 


CARBON IN IRON 
The chemical potentials of carbon dissolved in 
austenite’? and in molten iron® have been well 
established by measurements of the equilibrium 
[C] + CO, = 2C0. 
The corresponding potentials in ferrite and $-iron 
are not so well established, and in the author’s view 
the temperature dependence of these potentials is in 
some doubt. The data on all these solutions are 
shown in detail in Fig. 2, which is very similar in 
design to Fig. 1. The various lines in the different 
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Fig. 2—Carbon potentials for solutions of carbon in iron 
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phase regions represent the carbon potentials of 
carbon at various concentrations in weight percent as 
indicated. 

The positions of the iso-concentration lines at the 
phase boundaries agree well with our knowledge of 
the concentrations of carbon in equilibrium in pairs 
of phases as established in the Fe—-C phase diagram. 

The values of ASjcj in both molten and y-iron have 
been well established and it is interesting to note 
how similar they are. At 0-1% [C], for instance, 
AS, = 14-78 and ASjiquia = 14°91 cal./ degree, these 
being mean values over the temperature ranges 860— 
1455° C. and 1560-1760° C., respectively. This simi- 
larity is indeed what would be expected. The carbon 
in austenite has been established by Petch® to consist 
of a random distribution of carbon atoms in the 
interstitial octahedral sites of the face-centred y-iron 
lattice ; it is reasonable to suppose that the liquid 
solution should be very similar. In addition, it has 
been shown by Richardson and Dennis®® that the 
statistical model developed by Smith and Darken*? 
for solutions of carbon in austenite also holds for 
solutions in molten iron. The main feature of this 
model is a small repulsive energy between carbon 
atoms which are next-nearest neighbours (7.e., between 
carbon atoms in neighbouring interstitial sites). It 
is this energy which causes the increase in the 
activity coefficient of carbon as its concentration is 
raised. 

There is evidence that the carbon atoms in the 
body-centred lattices of z- and 4-iron are also 
situated in the octahedral holes. These are their 
positions in martensite,**+ ®* which appears to be 
structurally equivalent to a supersaturated solution 
of carbon in g-iron.® In the «- and §-structures 
there are, however, three times as many octahedral 
sites available (per iron atom) for interstitial carbon 
atoms as in the y-structure, so that the configurational 
contribution to the value of ASjc) should be greater 
in x- and §-iron than iny-iron, by about 2-2 cal./degree. 

Smith’s results on the activity of carbon in ferrite 
at 750° and 800° C. lead to a value of 20,000 cal. for 
AH, and a corresponding value for AS of 21-4 cal., 
degree at a concentration of 0-01 wt.-%. This value 
may be compared with the value of 19-35 (7.e., 14-78 
+ 4-57) cal./ degree for carbon at this same concen- 
tration in austenite. This appropriately higher value 
for AS in the ferrite is thus in line with our expecta- 
tions based on fundamental theory. 

It is not unreasonable to assume, as an approxima- 
tion, that AS in §-iron is the same as in &-iron, 
because of its similar body-centred cubic structure. 
From the phase diagram‘ and the work of Adcock? it 
is known that, at 1492°C., §-iron containing 0-1%, 
of carbon can be in equilibrium with y-iron containing 
0-18% and molten iron containing 0-50°, of carbon. 
It is therefore possible to determine Ay;c) under these 
conditions in $-iron, from the available data on carbon 
activities in y- and molten iron. If, now, Henry’s 
law is assumed to hold for carbon in §-iron, AS can 
be taken as equal to 16-8 (i.e., 21-44-57) cal., 
degree. AH for carbon in §-iron then becomes 
15,900 cal., compared with 20,000 in «-iron. 
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The carbon potentials in §-iron drawn in Fig. 2 and 
represented by the equations in the Appendix are 
based on the foregoing conclusions. An alternative 
assumption, suggested by Smith,*’ is not considered 
so satisfactory. This is to assume that AH and AS 
are the same in «- and §-iron, and to derive both 
from Smith’s «-iron results at 750° and 800°C. 
(attaching no weight to the temperature dependence 
in this range) and the activity of carbon at 0-1% in 
-iron at 1492° C. If this is done, AH in x- and §-iron 
becomes 26,000 cal., which is a not unreasonable 
figure, but AS at 0-01°% [C] in z- and §-iron becomes 
27-1 cal./degree. This value is 7-6 to 7-7 cal./degree 
greater than AS at the same concentration in y- and 
molten iron, and thus appears much too high. If the 
phase diagram were known very accurately in the 
§-region and the carbon activities in the bordering 
regions of the y- and molten phases were also more 
accurately known, it would be possible to derive 
rigorously values for AH and AS in the §-region. 
Unfortunately, this is not the case ; any value of 
ASic} between 18 and 25 cal./degree at 0-01°% of 
carbon fits the data within the accuracy limits. 

One further set of potentials is plotted (as a dotted 
line) in Fig. 2. These are the carbon potentials in 
equilibrium with iron oxide and iron and CO/CO, gas 
mixtures at a total pressure of 1 atm.; these are 
given by the values of (pco)?/pcos for the equilibria 

FeO + CO = Fe + CO, above 570° C. 
}Fe,0, + CO = }#Fe + CO, below 570° C. 
The intersections of this oxide line with the carbon- 
potential lines for carbon in iron show the limits to 
which carbon can be eliminated from iron by oxida- 
tion at 1-0 atm. total pressure. 


GENERAL CONSIDERATIONS 

The general conclusions which can be drawn from 
Figs. 1 and 2 hardly need summarizing. The order in 
which the carbide lines in Fig. 1 run from top to 
bottom of the diagram represents the order of in- 
creasing stability. The position of the carbide lines 
relative to the CH,-H, and CO-CO, lines shows the 
gas conditions under which these carbides can be 
formed from the corresponding pure metals. Such 
information is of particular utility to the designer of 
new processes and laboratory investigations. In 
combination with the data on oxides, it can be used 
to show, for example, whether the oxides can be 
reduced to metal by CO/CO, mixtures without the 
formation of carbides, and vice versa. In the case of 
the Cr-Cr,,C, system already taken as an example, 
it has been shown that, at 600° C., CO/CO, gas mix- 
tures for which the values of (peo)®/peos are less than 
4 x 10-® would have sufficiently low carbon potentials 
to decompose the carbide to the metal. The data for 
oxides® show that unless pco/pcoo, is greater than 
4 x 10° the carbide would be converted fully to 
chromic oxide and not metallic Cr. Unreasonably 
low pressures of about 10-" atm. would thus be 
required to convert the carbide to metal with CO/CO, 
gas mixtures. The only obvious technique for con- 
verting this carbide to metal at such a low tempera- 
ture is therefore slow and prolonged treatment with 
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Fig. 3—Carbon potentials for carbide systems with metals, other than iron, at activities of 1% relative 
to the pure metals. (Solid-solution effects between the carbide and iron or Fe,C make the separation 
of a mixed carbide possible at carbon potentials lower than those shown in Figs. 3 and 4 in the cases 
of Mn and Cr. The formation of ternary carbides has a similar effect in the cases of Mo and W. No 
such complications occur in the cases of V, Ti, Zr, Ta.) Inverted commas indicating non-stoichio- 
metric carbides have been omitted for clarity 
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hydrogen at one atmosphere or higher pressures : 
pou, = 1:6 x 10-5 atm. when pp, = 1. At higher 
temperatures the situation is reversed. At 1500°C., 
for example, (pco)?/pco: must be less than 55 and 
Pco/Pcos greater than 487.* From this, it follows that 
conversion to the metal can take place at pressures 
less than about 0-11 atm. With hydrogen at 1 atm., 
however, the partial pressure of CH, in equilibrium 
with Cr—Cr,,C, is only 4 x 10-®, so that reduction by 
this method would be extremely slow and virtually 
impossible. 

A question of more direct interest to the metallur- 
gist is whether the data in Figs. 1 and 2 can be used 
to determine the carbon concentrations under which 
particular carbides can form in iron, containing alloy- 
ing elements as well as carbon. These concentrations 
would also represent the extent to which alloying 
elements can scavenge carbon from solution in iron, 
and so prevent slow precipitation of cementite or 
other carbides at low temperatures. In such mix- 
tures the alloying elements are usually present at 
small concentrations and commonly at very low 
activities. Figures 3 and 4 have therefore been con- 
structed on the basis of Figs. 1 and 2, the individual 
carbide lines now representing the carbon potentials 
associated with equilibria of the type : 

[Mn] (1% activity) + C(g-gr.) = Mn,C 
[Mn] (10% activity) + C(g-gr.) = Mn,C. 


Before any great use can be made of these diagrams, 
consideration must be given to the following points, 
which are dealt with in the remaining parts of this 
paper : 
(a) The activities of alloying elements in iron 
(b) The influence of alloying elements on the activities 
of carbon dissolved in iron, and vice versa 
(c) The thermodynamics of the non-stoichiometric 
carbides 
(d) The* thermodynamics of mixed carbides and, more 
particularly, of solid solutions of the type 
(Fe, Mn),C, (Cr, Fe)osCg, etc. 


ACTIVITIES OF METALS IN IRON 


It is clearly desirable to be able to know what 
concentrations of metals in iron correspond to the 1% 
and 10% activities to which the “ carbide ” lines in 
Figs. 3 and 4 apply. Unfortunately, few experi- 
mental data are available on which conclusions can 
be based. 

It has been shown by Kubaschewski and von 
Goldbeck®? that iron behaves almost ideally in Ni. 
AHy, is approximately —260 cal. in a 50-50 y-iron- 
nickel alloy at about 727°C. AHf, is thus probably 
not more than —1040 cal. at high dilution—a value 
which can be calculated approximately by application 
of the equation : 


AH¥e = §. (Nyi)*; 





*If the value of AG®,;09:¢ for §Cr + O2 = 3Cr,O, 
required for this calculation is taken as —106,750 cal. 
(the value which may be calculated from the chromium- 
carbide/chromic-oxide equilibrium data of Boericke’*), 
the pco/pco: value becomes 612 and pco has to be less 
than 0:9atm. in agreement with Boericke’s actual 
equilibrium results. 
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which is applicable because the solution is regular 
(t.e., ASy; is ideal). It has also been shown by 


Kubaschewski*® that AHo, in a 50-50 «-iron—chrom- 
ium alloy is only about + 400 + 150 cal. at 1000° C. 
It would seem safe to assume that, in all forms of 
solid iron above about 1000° C., such elements as Ni, 
Co, Mn, and Cr behave nearly ideally, i.e., their 
activities lie between 0-5 and 2% when they are 
present at 1 at.-% concentration, which is approxi- 
mately the same as 1 wt.-%. On the other hand, 
alloying elements such as Si, Al, Ti, B, etc., which 
interact strongly and exothermically with iron, 
should have activities which are markedly less than 
their concentrations. 

So far as molten alloys are concerned, the results of 
Jander and his co-workers * 36 suggest that Ni, Co, 
and Fe all behave ideally in binary mixtures of each 
other. K6rber and Oelsen4® have shown that molten 
solutions of Mn and Fe are ideal : Chen and Chipman’s 
work'® indicates that Cr in molten iron obeys Henry’s 
law (activity « atomic fraction) and that there is no 
reason to suppose that it does not obey Raoult’s law 
also (t.e., activity = atomic fraction). It is possible, 
but not certain, that vanadium has a significant heat 
of solution®?: 7, Elements more different from iron 
show strong departures from Raoult’s law. At 
1600° C. Ya: (7.e., the activity coefficient of the dis- 
solved Al which is equal to (activity of Al)/(atomic 
fraction of Al)) and Ys; are 0-025 and 0-017 respec- 
tively ; Yr; and Yp are also probably low.®7 

These facts must be borne in mind when the infor- 
mation contained in Figs. 3 and 4 is brought to bear 
on any particular problem. At present they provide 
a severe limitation in the utility of the figures and of 
the thermodynamic data in general. It is to be 
hoped that more attempts will be made to determine 
activities in solid solutions. 
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Fig. 5—Influence of alloying elements on the thermo- 
dynamic behaviour of carbon dissolved in iron: 
(a) Mn and Si in y-iron at 1000° C., (6) Cr and Si in 
molten iron 
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INFLUENCE OF ALLOYING ELEMENTS ON 
DISSOLVED CARBON 

A further complication which has to be taken into 
account in using Figs. 3 and 4 is the influence of the 
alloying metal on the activity coefficient of the dis- 
solved carbon, Y{cj. Studies by Smith®* have shown 
how Y{c] is influenced by Mn and Si in Y-iron. His 
results are represented in Fig. 5a. In this, Y’t¢]—the 
ratio of the activities of carbon at a fixed concentra- 
tion in the presence and absence of the alloying 
element—is plotted as a function of alloying-element 
concentration. Ata concentration of 1 wt.-° neither 
Si nor Mn has much effect ; only at higher concentra- 
tions does their influence become considerable. The 
effect is not markedly dependent on carbon concentra- 
tion. 

It is known* from the work of Small and Wilson 
that Si decreases the saturation solubility of carbon 
in molten iron, increasing its activity coefficient 
correspondingly. On the approximate assumption 
that the ratio of the carbon activity coefficients in 
the presence and absence of Si is independent of car- 
bon concentration and temperature, Chipman”? has 
derived the Si data shown in Fig. 5b. Mr. Dennis 
and the author have found that Cr in molten iron 
markedly lowers the activity coefficient of dissolved 
carbon, and these results are also shown in Fig. 5b. 
Herty and Royer** have shown that manganese in 
molten iron lowers yjc slightly. 

The effects of other alloying elements on Y[c] have 
not yet been determined. It is probable that the 
strong carbide formers such as Ti and Zr will have 
the most marked effects in lowering ¥[c] and that such 
elements as Ni, Co, and Mg, which form unstable 
carbides, will have no significant influence at low 
concentrations. At high concentrations they may be 
expected to raise Y(c]. 

Two interesting series of interactions which are 
somewhat analogous are those which have already 
been established for oxygen and sulphur dissolved in 
molten iron. In both these sets of cases, alloying 
elements forming oxides or sulphides which have a 
markedly greater heat of formation than FeO or FeS, 
tend to lower the activity coefficient of the dissolved 
oxygen or sulphur. On the other hand, elements 
interacting strongly with iron (for example, Si and Al, 
but not Mn) tend to raise the activity coefficient of 
the oxygen or sulphur. The two opposing effects 
lead Si and Al to raise Y[g] and Mn to lower it.%° 
They lead Al, Si, and Mn to lower ¥[o] in decreasing 
order of importance.*? The carbon interactions 
already mentioned are similar. Silicon is a fairly 


strong carbide former (AH°29g> x, = —12,400 cal. for 
SiC) but it interacts very strongly with iron‘*® 
(AH°2os° x, = —19,200 cal. for FeSi) ; it thus raises 


Y(c] in both Y- and molten iron. Manganese and Cr 
are fair carbide formers and interact very weakly 
with iron ; they both lower Y{c] in molten iron, and 
Mn has been shown to lower it slightly in Y-iron.88 
No useful information exists on the extent to 
which carbon influences the activity coefficients of 
alloying metals in solution in iron. Corresponding 
effects are to be expected : where the alloying element 
lowers the activity coefficient of the dissolved carbon, 
a lowering of the activity coefficient of the alloying 
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element should be found ; where the alloying element 
raises Y(c}, a raising of the activity coefficient of the 
alloying element should be found. The latter has 
indeed been observed in the cases of S-C*® and Si-C® 
solutions in molten iron. In general, however, it can 
be assumed that when the atomic concentration of 
the alloying element is much larger than that of the 
carbon, the change in the activity coefficient of the 
alloying element will be small. 

THERMODYNAMICS OF NON-STOICHIOMETRIC 

CARBIDES 

The compositions of the non-stoichiometric car- 
bides are dependent on the activities of the metals 
and carbon with which they are in equilibrium. A 
decrease in the metal activity, with a corresponding 
increase in the carbon activity, will produce a carbide 
richer in carbon than that in equilibrium with the 
pure metal. Unfortunately, nobody has yet studied 
the relation between the composition of any non- 
stoichiometric carbide and its free energy of forma- 
tion. The data available on other non-stoichio- 
metric compounds, such as sulphides (see Fig. 3 of 
the paper on sulphides”), suggest, however, that the 
effect of small changes in composition, such as occur 
with ‘Mo,C’, would be to lower the carbon potentials 
shown in Figs. 3 and 4 by about 1 kg. cal. Large 
changes, such as occur with ‘ TiC,’ might nearly 
double Aurc. 

TERNARY CARBIDES AND THE EFFECTS OF 
SOLID SOLUTIONS BETWEEN CARBIDES 

The possibility of ternary carbides being formed or 
of solid solutions occurring between carbides, makes 
the formation of carbides from iron alloys more 
probable than the lines in Fig. 3 at first suggest. 
Present qualitative knowledge of the interactions 
which may occur between carbides in the systems 
Fe—C-alloying-metal has been summarized by Gold- 
schmidt*! and is shown in Table I, which is virtually 
copied from his paper. It is an essential guide for 
reference when the information given in Fig. 3 is 
applied to any process or system. 

It can be seen at once that no complications due to 
mixed carbides are to be expected in the cases of V, 
Ti, Zr, Nb, and Ta. 

Ternary carbides with some range of composition 
can be formed in the cases of Mo and W. Unfortun- 
ately, nothing is known of the thermodynamics of 
these carbides except that they are stable ; it is thus 
only possible to say that the carbon potentials of 
carbon formation will be lower in the cases of Mo and 
W than the lines in Fig. 3 indicate. It is considered 
unlikely that the amount of the lowering will be 
greater than 2-3 kg.cal., because the heats of the 
interactions between carbides are likely to be much 
less than the heats of formation of the elementary 
carbides from their elements. 

Solid solutions can be formed in the cases of Ni, Co, 
Mn, and Cr. The small ranges of solid solution which 
occur in the cases of Mo and W can be neglected, as 
they will have little influence on the carbon potentials 
at which the carbides separate. 

The information which can be deduced about 
carbide solid solutions is much more interesting, 
particularly in the case of the Fe-Mn-C system. It is 
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Table I 
TERNARY CARBIDE SYSTEMS INVOLVING IRON AND CARBON BELOW 700°C.*4 
System Binary Compounds Ternary Carbides Carbide Intersolubilities 
Fe-Ni-C | Fe,C, (Ni;C) None Ni,C and Co,C intersoluble with 
Fe-Co-C | Fe,C, (Co,C) None Fe,C, but unstable 
Fe-Mn-C | Fe-Mn (e-phase), «-Fe,C,8 -Mn,C, | Probably a Mn-rich one| (Fe,Mn),C continuous solid soln. 
Mn,,;C,, Mn,C, B-Mn,C and y-Fe intersoluble 
Fe-Cr-C | FeCr (c-phase), Fe,C, Cr,,C,, None (Fe, Cr),C up to 15% Cr (approx.) 
Cr,C,, Cr,C, (Cr, Fe),.,C, up to 30% Fe _ ,, 
(Cr, Fe),C, up to 60% Fe __,, 
Fe-V-C FeV, Fe,C, V,C, to VC, possibly VC None Carbides virtually insoluble 
Fe-Ti-C Fe,Ti, Fe,C, Tic None Carbides insoluble 
Fe-Mo-C | FeMo (at high temps.), Fe,;Mo,, | Fe,Mo.C to Fe,Mo,C, | Fe,C dissolves less than 0-5% Mo 
Fe,C, Mo,C, MoC (Fe, Mo).;C, Small Fe substitution in Mo- 
carbides 
Fe-Nb-C | Fe,Nb,, FezNb, (=FeNb,), Fe,C, None Carbides insoluble 
NbC(Nb,C,?) : 
Fe-Zr-C | Fe,Zr,, Fe,C, ZrC None Carbides insoluble 
Fe-W-C Fe,W,, Fe,W, Fe,C, W,C, WC Fe,W.C to Fe,W,C, Small Fe <—— W substitution in 
(Fe, W).;C, all carbides 
Fe-Ta-C FeTa, Fe,C, TaC, Ta,C Probably none, but Carbides insoluble 
possible 
well known that Fe,C and Mn,C are isomorphous and aMngc = K . (N’tan))* . @[cjcarbide-alloy, 
that Mn substitutes readily for iron in cementite. and 


As a result, carbide forms from Fe-Mn-C alloys at 
lower iron and carbon potentials than from plain Fe—-C 
solutions. The extent of the lowering of these iron and 
carbon potentials is dependent on the relation between 
the concentration and chemical potential (or activity) 
of Fe,C in the carbide solid solution. It is therefore 
most important to know what kind of solution law 
such carbide mixtures are likely to follow. 

Unfortunately, no measurements have been made 

of the compositions of (Fe, Mn),C in equilibrium with 
different Fe-Mn-C alloys. It is possible, however, 
to obtain a fair idea of how such solutions behave 
from the work of Smith®’: 8° on the activities of carbon 
in y-iron and Fe—Mn alloys at 1000° C. (see Fig. 5a), 
and from the known alloy compositions at which the 
mixed carbide separates at this temperature. These 
data, which are summarized in Fig. 7 and Table IV of 
Smith’s paper**, can be used to calculate the activities 
of Fe,C and Mn,C in the carbide solid solution if the 
following assumptions are made : 

(1) y’(o) (see Fig 5a) at 1-55 to 1-41 wt.-% of carbon is 
equal to y’[c) at 1-2% of carbon (the limit investi- 
gated by Smith). This is reasonable as Smith’s 
results show that y’(c) is nearly independent of 
carbon concentration above about 0-8%. 


(2) are] = (Fe)/(nFe + ™Mn) = N’Fe 
(3) apn) = (nMn)/(nFe + 2Mn) = N’n. 
To a close approximation : 


[0] carbide-alloy 
a(cjcementite-iron 
where @[c]carbide-alloy 18 the activity of carbon in equili- 
brium with carbide in the Mn alloy system, and 
@{C]cementite-iron 18 the corresponding activity for the 
cementite—iron system. 

A[c]carbide-alloy May be calculated by the equation 


a¥egc = (N[Fe])* 


Q[cjcarbide-alloy = @” [0] - ¥’[c}» 
where a” [co] is the activity which the same concentra- 
tion of carbon would exert in plain Y-iron, and Y’{c] is 
the activity ratio taken from Fig. 5a. 
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K = exp.(AG°mngc/RT) 


where AG°ynjc is the free energy of formation taken 
from the Appendix. 

The values of dye,¢ and dyn,c Obtained in this way 
are shown in Table II. It is immediately obvious 
that AFe3C se N¥e3c and QMns3C se Nnsc, otherwise 
Qre,c plus dyn, would total unity. It is also 
obvious that, unless Kyy,c is greatly in error (by a 
factor of 50 to 100, which is most unlikely), there is a 
power relationship between the activities and the 
molar fractions. 

Since the atoms of Mn and iron are so nearly the 
same size, it would be expected that the activities of 
the two isomorphous carbides would approximate to 
some kind of ideal law. It might reasonably be 
expected that the heat of mixing of Fe,C and Mn,C 
should be nearly zero, and that the activities should 
be determined almost entirely by entropy considera- 
tions. If the distribution of the Fe and Mn atoms is 
random with respect to each other, and the config- 
urational entropy only is considered (a reasonable 
approximation), then 


agegc = (N¥egc)* 
and 

aMngc = (NMngc)*. 
The values of Nye,c and Nynyc calculated in this 
way are shown in Table II and their sum XN is also 
given. The sum is now much more nearly equal to 
unity. Indeed, if Yyn_ in the alloy were taken as 2, 
the values of Nygn,5¢ would be doubled and XN would in 
all cases lie within 2% of unity. = 

This is quite possible, for the value of AHyn at 

these concentrations in the y-iron would then be 
1273 x 4-575 x 0-3 = 1750 cal./gram-atom. This 
may be compared with the value of about 1600 cal.; 
gram-atom for AH¢, in «-iron at about 1000° C. and 
at low Cr concentrations ; this can be derived from 
the measurements of Kubaschewski® previously 
mentioned. Alternatively, Kyn,c might be too small 
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Table II 
RESULTS OF CALCULATIONS ON Fe,C-Mn,C SOLID SOLUTIONS AT 1000°C. 
Co iti f Metal 7 y 

in Equilibrium with the aMin,C Sain NMn,C = “Ma,C = TN =N 

Carbide aFe,C . ss *4/2Mn,C *\/¢Mn,C = aay 

qa Mn) = 1) 1Fe,C ‘ Y ek, =3 

Mn,% | Fe% | ©,.% or. Opin) = | Cpa) =?) | MI nn 
14 84-6 1-41 0-312 0-00515 0-678 0-173 0-346 0-851 1-02 
8 90-6 1-42 0-499 0-00125 0-793 0-108 0-216 0-901 1-01 
4 94-5 1-46 0-691 0-00019 0-884 0-0575 0-115 0-941 1-00 
2 96-5 1-50 0-829 0-000027 0-939 0-030 0-060 0-969 1-00 



































by a factor of about 8, corresponding to a value of 
—8-4kg.cal. for AG*,o99°c. instead of the value 
—3-1 kg.cal. which may be calculated from the 
Mn,C equation given in the Appendix. It seems 
unlikely that the data on which this equation is based 
could be so much in error. 

Whatever the cause of the discrepancy, there can 
be no doubt that the considerations outlined here 
confirm a power relationship and give strong support 
to a cube relationship between molar fractions and 
activities for these carbide solid solutions at reason- 
ably high temperatures. 

The only other carbide system on which these con- 
clusions might conceivably be tested at present is 
that for Fe-Cr-C. There are accurate free-energy 
data for the three chromium carbides, and the phase 
diagram has been sufficiently accurately established 
to show the compositions of the carbide solid solutions 
(Fe, Cr),C, (Cr, Fe),,C,g, and (Cr, Fe),C3;, which are 
in equilibrium with each other and with various 
Fe-Cr-C alloys at temperatures between 700° and 
1300° C.4 In addition, an approximate idea of the 
activity coefficient of Cr in «-iron may be obtained 
from the work of Kubaschewski.® It is not known 
how greatly Cr lowers the activity of carbon in iron, 
although it can be reliably estimated that its effect 
will be rather greater than that of Mn. In addition, 
and unfortunately for thermodynamic calculation, the 
proportion of carbon to metal atoms in (Fe, Cr),C 
and (Cr, Fe),C, increases as the Cr content increases, 
although this does not happen with (Cr, Fe).,C,. It 
is therefore not yet possible to test this suggested ideal 
solution law on any other system. 

As a first approximation it appears reasonable to 
assume that the ideal solution law governing the 
behaviour of carbide solid solutions is a power law, 
and that it may be applied to solid solutions of 
carbides in which the metal atoms are similar in size 
and properties. It corresponds structurally to a 
random distribution of the metal atoms with respect 
to each other. 


APPLICATIONS OF FIGS. 3 AND 4 


It is now possible to see more clearly how the data 
summarized in Figs. 3 and 4 can be applied to ques- 
tions concerning carbide formation from alloys. The 
manner in which information can be derived from 
the relative positions of the ‘“‘ carbide ” and “ carbon ”’ 
lines can best be described by examples. 

In the case of [V], %activity (Fig. 3), the carbide line 
intersects that for [C], at 1% at 860°C. It follows, 
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with certain provisos, that the carbon content of iron 
which contains vanadium at 1% activity and is in 
equilibrium with pure vanadium carbide at 860° C. 
would be 1%. The provisos are : that the [V]—‘ VC’ 
line is correct, that there is no substitution of iron in 
‘VC’ (see Table I), and that the thermodynamics of 
1-0°% of carbon in the Fe-V alloy are the same as 
those of 1-0°% of carbon in iron. This last will be 
approximately true. However, because the dis- 
solved vanadium probably causes a slight lowering of 
the activity coefficient of the dissolved carbon, the 
equilibrium concentration of the dissolved carbon 
may be about 1-1%, rather than the 1-0% calculated 
by neglecting this effect. 

In the case of [Mnhio%activity, the carbon line 
falls below that for Fe,C only at 222°C. It does not 
follow, however, that Mn does not influence the for- 
mation of cementite from Fe-C—Mn alloys above this 
temperature. As is clear from the preceding section, 
at all temperatures and all Mn concentrations in iron, 
the carbon potentials at which cementite can be 
produced are lowered by Mn because the mixed car- 
bide (Fe, Mn),C can form, and in this carbide the 
activity of Fe,C is less than unity. As the previous 
section shows, it is possible to make reasonable 
estimates of the compositions of the equilibrium car- 
bide phases which can separate from Fe—Mn-C alloys 
at 1000° C. Alternatively, if Yn] were as well known 
as Y[c], it would be possible to calculate the carbon 
concentration at which the mixed carbide phases can 
separate from any Fe—Mn alloy at any temperature. 
On the assumption that Y{,mj] is equal to 2 and that 
the Fe,C—Mn,C solid solutions follow an ideal power 
law, the concentrations so calculated would be in 
error by about 0-1% of carbon. 

Silicon and Al might, at first sight, appear to be 
possible carbide formers in the temperature range at 
which their appropriate lines fall below those for 
Fe,C in Figs. 3 and 4. As mentioned earlier, both 
these metals interact strongly with iron and have 
partial heats of solution which may well be greater 
than 20 kg. cal./gram-atom at low concentrations in 
solid iron. It follows that the lines for 1 and 10 at.-% 
of [Al] or [Si] in iron will lie above those for 1 and 
10% activity (i.e., above those shown in Figs. 3 and 
4) by 20 kg. cal. or more. They are thus prevented 
from forming carbides in solid iron. 

Carbide formation is, of course, favoured by low 
temperatures, provided that it is not kinetically pre- 
vented, and provided that formation from carbon 
and the alloying element in iron is exothermic. This 
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is probably the case for all the carbides whose lines 
fall below that for cementite in Fig. 1, with the 
exception of Al and Si. The extent of the effect of 
temperature is obvious from comparison of the lines 
for cementite, the alloy carbides, and carbon in iron 
in Figs.3 and 4. It is also evident that carbide com- 
position may change with temperature. If, in Fig. 3, 
for example, the line for [V]—"VC’ were correct, 
cementite would form from y-iron containing 1-5% 
of carbon on cooling to about 970° C. ; however, this 
would change over to VC as the temperature fell 
below 900°C. It is also evident from Fig. 3, though 
more so from Fig. 4, that the proportion of Mn in 
(Mn, Fe),C precipitated from a steel should increase 
as the temperature falls. 

It must be admitted that accurate quantitative use 
cannot be made of the thermodynamic data summar- 
ized in Figs. 3 and 4 of this paper, until more informa- 
tion is forthcoming on the behaviour of the thermo- 
dynamics of mixed carbides and of alloying elements 
and carbon when in iron together. Until such data 
become available, much of the present information 
can only be brought to bear on the problem of carbide 
formation in a qualitative manner. It is neverthe- 
less clear that it is now becoming possible to check 
phase diagrams by thermodynamic methods, and 
even to establish them when sufficient information is 
available. It is also clear that, in many cases, thermo- 
dynamic calculation may be the only way of deriving 
precise knowledge of true equilibria at low tempera- 
tures. It may well be easier to obtain the necessary 
thermodynamic data than to cool metallurgical speci- 
mens at 2° or 3° per day for periods of six months or 
even a year. 
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APPENDIX 
GASEOUS COMPOUNDS OF CARBON 
Carbon 
C + CO, = 2CO Accuracy A 
AG eos 0079° K. = + 41,880 —44-13T + 10-3 
x 10-*7? 
AG° soe 0079" x, = + 40,500 —41-257 


The free-energy values which have been taken for 
this reaction are those recommended by the Bureau 
of Standards.** These lie on a slight curve, as repre- 
sented by the first equation. This curve can be 
approximated by the linear equation given above, to 
within +- 650 cal. This is more accurate than most 
of the carbide data given here. The linear equation 
has been used in deriving the (pco)?/poog scale round 
the edges of the diagram, as this linear relationship 
permits the value of (pco)?/pcog in equilibrium with 
any carbide system to be read directly from the dia- 
gram by means of a piece of string. Above 200° C. 
the error in this ratio due to the use of the linear 
equation is never more than 30%. 
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C + 2H, = CH, Accuracy A 
AG°o9g-2973°k, = — 23,550 + 407 x 10°7, log T 
+ 26:97T 
AG? 09 —2973° K. = 21,550 + 26-167 


The free-energy values which have been taken for 
this reaction are those recommended by the Bureau 
of Standards.®? These lie on a slight curve, more 
particularly at the lower temperatures, as represented 
by the first equation. The curve can be approximated 
by the linear equation given above, between 500° and 
2000° K., the maximum error being } kg. cal. at the 
lower temperature. This is more accurate than most 
of the carbide data given here. The linear equation 
has been used in deriving the pou,/(pHe)? scale at the 
edge of the diagram for the same reason as a linear 
equation was used for the (pco)?/pcog scale already 
described. The error in this ratio arising from this 
cause is 50% at 327° C., 7% at 427° C., and negligible 
above 527° C. 


CARBIDES OF THE METALS 


Aluminium 
4Al + C = 3Al,C, Accuracy B 
AG*o93-939° Kk, = — 11,700 + 1-0 7 


AG*939-9973°K, = — 18,900 + 3-37 


The equilibrium Al,0,-C—Al,C,-CO has _ been 
studied by Brunner!® and by Prescott and Hincke*® 
from about 1900° to 2300°K. Agreement is fair. 
The following equations for AG? can be obtained 
from their results, if these are compounded with the 
available thermodynamic data on the C-CO*%” and 
Al-Al,0,*) 4% 44 8% equilibria, and it is assumed that 
AG® tor the carbide—-oxide reaction varies linearly 
with temperature : 

AG son_os0°K, = — 5220 — 2-87 
AGog = — 7450 + 0-17 


2-2273° K. 
The equations appear reasonable. It is possible, 
however, that the equilibrium results may be in error, 
particularly with respect to temperature dependence, 
due to the formation of volatile lower oxides of Al 
which were probably the cause of the white sublimates 
found in both the investigations. 

A heat of formation of Al,C, of —40 + 3 kg. cal. 
has been calculated by Roth’? on the basis of a meas- 
urement of the heat of combustion of Al,C, by 
Meichsner and Roth®® and Roth’s’* latest value, of 
—398-0 kg. cal., for the heat of formation of Al,Os. 
Xecalculation along the lines followed by Roth leads, 
however, to a value of —33 kg. cal., or —35 kg. cal. 
if the more recent value of —399-0 + 0-3 kg. cal. 
obtained by Snyder and Seltz®® is used for the heat 
of formation of Al,Os. 

The equilibrium and thermal data can both be 
accepted if it is assumed that the temperature depen- 
dence of the former is in error. The assumptions of 
3-0 cal./degree for the entropy of formation of Al,C, 
from the solid elements, and of a heat of formation of 
— 35,000 cal., lead to values of AG° which agree closely 
at 2000° K. with those which can be derived from the 
equilibrium data. The difference at 1900° and 
2300° K. would be 0-3 and 0-1 kg. cal., respectively. 
The recommended equations are based on these 
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assumptions. They are confirmed by an unpublished 
determination of AG°j193° x. made by Campbell.18 He 
measured the pressure of AIF in equilibrium with 
AIF,-Al and AIF,-Al,C, mixtures and obtained 
—11-0 kg. cal. for AG°—a result that compares 
reasonably with the value of —9-9 kg. cal., which 
can be derived from the equation proposed. 


Calcium 
4Ca + C = 3CaC, Accuracy B 
AG°oog-no9°K, = — 6800 — 2-95T 
AG*roo-199K, = — 5810 — 4-327 
AG 10s 00 x, = — 0850 — 8-407 
AG*1760-2500°K. = — 25,090 + 6-987 


The heat of formation of CaC, from its elements at 
room temperature has been measured by Ruff and 
Josephy,’*® who found it to be —14,100 cal., and by 
Kameyama and Inoue,?? who obtained —10,600 cal. 
The above equations were calculated from the 
former value (which is considered the more reliable 
and is probably correct to within + 2 kg. cal.) and 
from the entropies of Ca, CaC,, and C recommended 
by Kelley.4* 44 The heat of transformation of Ca at 
440° C. is too small to necessitate a special equation 
below this temperature. The equations above the 
melting point of Ca were obtained by extrapolation 
and use of the entropy of fusion and vaporization re- 
commended by Kubaschewski*? and by Kelley,* 
respectively. 

Brunner!® has measured the CO pressures devel- 
oped in the equilibrium CaO + 3C = CaC, + CO at 
temperatures from 1490° to 1800° C. When coupled 
with available free-energy data on CO* and CaOQ®? 
and with the entropy of fusion of Ca** and of trans- 
formation of CaC,,** his results lead to free energies of 
formation of CaC, which are more negative than those 
given by the recommended equations—about 4 kg. 
cal. at 1490° and 1 kg. cal. at 1800°C. Ruff and 
Foerster’® claim, however, that CaO and CaC, pro- 
bably form a eutectic at about 30% of CaO at 
1600° C. Flusin and Aall?* claim that the eutectic 
occurs at 68-8% of CaC, at 1780° C.; Kameyama 
and Inoue*® claim that the lowest eutectic occurs at 
1850° C., and attribute the lower eutectics found by 
other workers to impurities in their mixtures ; they 
also claim the existence of a series of solid compounds 
between the lime and the carbide. It is therefore 
possible that the formation of either weak compounds 
or melts made the CO pressures measured by Brunner!® 
rather less than those which would have been formed 
in the presence of the pure phases. The differences 
are reasonable. Ruff and Foerster** have made some 
approximate measurements of the pressure of Ca 
vapour developed by CaC, in the presence of graphite 
at temperatures of 2025-2500° C. This was done by 
measuring the temperature at which Ca vapour was 
rapidly evolved from CaC, in the presence of different 
pressures of argon, the assumption being that pcaq is 
equal to the argon pressure when the rate of loss is 
rapid. The results lead to free energies of formation 
of CaC, from graphite and Ca vapour which agree 
reasonably at 2050°C. with those which may be 
extrapolated from the results of Brunner, but which 
are about 10 kg. cal. less negative at 2400—2500° C. 
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As the evolution of Ca vapour should, in fact, be rapid 
aS SOON aS Pca becomes considerable, it is to be ex- 
pected that the dissociation pressures of CaC,, esti- 
mated by Ruff and Foerster in this way, will be much 
too large, particularly at the higher pressures. 
Kameyama, Ota, and Inoue*® have shown that, at 
about 2 mm. pressure, the dissociation of CaC, in a 
graphite container, followed by measuring loss of 
weight, is appreciable at 1300°C. and violent at 
1600-1700° C. The recommended equations give a 
dissociation pressure of 1-2 mm. at 1600° and of 
2-3 mm. at 1700°C. The results of the three high- 
temperature studies provide reasonable confirmation 
of the recommended equations and hence of AH °s9¢° x. 


Chromium 

28Cr + C = } ‘Cr,,C,’ Accuracy B 

6 e e 
AG°o95-1673°K, = — 16,880 — 1-547 

3% ‘CregC,’ + C = 23 ‘Cr,C,’ Accuracy B 
AG*>93-1673° kK. = — 10,050 — 2-857 

2‘Cr.C,’+C=7 ‘CC,’ Accuracy B 
AG® = — 3200 — 0-207 


298-1673° K. 

The free energies of formation of the chromium 
carbides have been determined by Boericke,® who 
measured the pressures of CO in equilibrium with 
chromic oxide, graphite, and the appropriate carbide, 
at temperatures ranging from 970° to 1500°C., de- 
pending on the particular carbide. His results, 
together with the high- and low-temperature heat 
contents and entropies of the three carbides, have 
been correlated by Kelley, Boericke, Moore, Huff- 
mann, and Bangert.*® 

The gases in Boericke’s equilibria were static and 
therefore subject to thermal segregation. Although 
the gas atmosphere consisted mostly of CO (together 
with small amounts of nitrogen and CO,), the per- 
centage of hydrogen, which came from the graphite 
and was measured in the cold part of the apparatus, 
ranged from 0-5 to 5% ; the concentration of hydro- 
gen in the hot part of the apparatus may well have 
been between 1-0 and 15%. In measuring his CO 
pressures, Boericke made allowance for the residual 
gases in the cold part of his apparatus but he did not 
correct for the increased hydrogen concentration in 
the hot part. 

The calculation of the free energy of formation of 
each separate carbide from Cr and carbon involves 
the equations for all four equilibrium studies, because 
AG® for the reduction of chromic oxide (so far not 
accurately known) has to be eliminated. The errors 
on all four equilibria are thus involved in each of the 
recommended equations. 

Boericke was under the impression that the lowest 
carbide had the formula Cr,C, whereas this is now 
known to be Cry,C,.24 Fresh calculations have 
therefore been made from the original equilibrium 
and thermal data to allow for this change of formula, 
and in doing so it has been assumed that the entropies 
and heat capacities quoted by Kelley et alia*® for 
Cr,C are really those for the mixture (4Cr.,C, + 3 Cr). 

The three carbides of Cr are non-stoichiometric,* but 
the ranges of composition are small (about 0-4 at.-°%) 
at the temperatures of Boericke’s equilibrium studies. 
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The errors arising from adding the equations derived 
from all four equilibrium results are therefore small. 
In this connection, it is of interest to note that the 
value of AG®°i733°~. which can be deduced from 
Boericke’s carbide results, for the reaction Cr + O, = 
#Cr,0,, is — 106,750 cal., in good agreement with the 
value of — 105,100 cal. (accuracy B) which may be 
calculated from available data on oxides.® 


Cobalt 
2Co + C = Co,C Accuracy C 
AG*o98-1900° K. = + 3950 — 2 S 08 ‘ 


The equilibrium Co,C-Co-CH,-H, has been 
studied by Browning and Emmett,)®> who used a 
circulating-gas technique, over the temperature range 
190-444°C. It has also been investigated in the 
range 360-680° C. by Schenck,*! who used a static 
method. The results of Browning and Emmett are 
more scattered than those of Schenck. Agreement 
between them is fair, although Schenck’s results are 
subject to an unknown error due to thermal segrega- 
tion in his static gases. The free-energy equation 
proposed is based on the results of Browning and 
Emmett. 


Iron 
2Fe + C = Fe,C Accuracy A 
AG°oog 00° kK, = t+ 4930 — 2-607 


The equilibrium Fe,C-Fe-CH ,-H, has been studied 
by Browning, DeWitt, and Emmett,!* who used a 
circulating-gas technique, over the temperature range 
296-359° C. Using the free energies of formation of 
methane,* these investigators have calculated the 
free energies of formation of Fe,C. Extrapolation 
above the temperatures of their investigations appears 
to be reasonably safe, and their values may be repre- 
sented by the equation recommended above. 


3Fe + C = Fe,C Accuracy A 
AG? 505 463°K, = + 6200 — 5-537 

+ 6380 — 5:92T 

+ 2475 — 2-437 


° ae 
AG 463-1115° K. ~~ 

° —_ 
AG 1115-1808° K. ~~ 


The equilibrium Fe,C + 2H, = 3Fe + CH, has 
been carefully studied by Browning, DeWitt, and 
Emmett,!* who used a circulating-gas technique, over 
the temperature range 320-468° C., and by Watase, *4 
who used a static method, over the range 450-603° C. 
The two sets of measurements agree closely, both 
where the ranges overlap and on extrapolation, 
presumably because the volume of the cold part of 
Watase’s gas-equilibrium apparatus was small com- 
pared with that in the hot even-temperature zone. 
Although the iron (ferrite) in this equilibrium is 
saturated with carbon, the concentrations are so small 
that the activity of the metal is not significantly 
altered, and no allowance need be made for this at 
temperatures below 723°C. when austenite appears. 

The equations proposed for cementite above 463° C. 
are based on the above results and on the most recent 
calculations of Darken and Gurry,*4 who have care- 
fully assessed the equilibrium, thermal, and phase- 
diagram information at present available, and have 
proposed values for the free energy of formation of 
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cementite at temperatures from 600° to 1400°K. 
The maximum deviation of the proposed linear 
equations from Darken and Gurry’s values is —200 
cal. at 627° C.—a value well within the likely error 
limits at that temperature. The difference between 
the two equations at 1179° K. does not correspond 
numerically to the heat and entropy changes of the 
a—y transformation as it takes into account deviations 
from linearity of the free-energy/temperature curve 
in the region 700-1179° K. The two equations thus 
agree at 1115° K. and not at 1179° K. 

The equation below 463° K. was derived by use of 
the heat of transformation of Fe,C (8 to «) quoted by 
Kelley.42 An equation for temperatures above the 
melting point of iron could be derived using the heat 
of fusion of iron recommended by Kelley.** 

The equilibrium Fe,C + CO, = 3Fe + 2CO has been 
investigated by Bramley and Lord?® and by Becker? 
at temperatures ranging from 650° to 1000°C. The 
two sets of results give values of AG® for this reaction 
which agree at 1000° C. but differ by 1-6 kg. cal. at 
700° C. When allowance is made for the influence 
of carbon on the activity of the iron (austenite), these 
results also lead to values of AG® for the formation of 
cementite which are within 1 kg. cal. of those 
recommended here. 

Values for the free energy of formation can also be 
derived from thermal data. Kelley’? proposes a 
value of +5500 cal. per mole for AH°s93°x, on the 
basis of the measurements of Roth7? and of Naeser,?2 
but this figure may be in error by about 30%. The 
most reliable value for the entropy of «-cementite is 
that obtained by Seltz, McDonald, and Wells*4: 
Sook. = 25-7 + 1-0. This leads to a value of 4-93 
+ 1-33 for AS°s9s° x, for the formation of «-Fe,C, and 
to a value of 4030 cal. for AG°29s° x., compared with 
4550 cal. from the equations proposed. 

Although the free energy of formation of cementite 
from pure iron and f-graphite becomes negative 
above 1078° K., cementite never becomes stable with 
respect to B-graphite and y- or liquid iron saturated 
with carbon. This is because the iron then has an 
activity significantly less than unity. Values of AG® 
for the reaction 

Fe(satd.g-gr.) + C(g-gr.) = FesC 

have been calculated and plotted by Darken and 
Gurry.21. The carbon potentials for the system 
Fe (sata. carbony—cementite thus lie above the Fe(purey- 
Fe,C line of Fig. 2. The difference is negligible only 
in the g-region. In the y-region the potentials lie 
along the broken line representing the upper limit of 
the y-phase. 


Magnesium 
4Mg + C = 4MgC, Accuracy D 
AG ogg 999° K, = + 10,500 + 0-07 


§Mg + C = 4Mg,C, Accuracy C 
AG 59g 999°. = + 6000 + 0-07 
The heats of formation of MgC, and Mg,C, have 
been determined by Irmann* via the heats of solution 
of the carbides in aqueous HCl. Both compounds 
were found to be endothermic (21 + 5 and 18 + 8kg. 
cal., respectively), in agreement with the experiments 
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of Rueggeberg,’® of Perret and Rietmann,® and of 
Irmann and Treadwell** who found them to be 
thermodynamically unstable at 400-500°C. and 
800-1200° C. 

The above equations have been derived on the 
assumption that the entropy of formation of the 
carbides is negligible. 

Free energies of formation of + 110 to 134 kg. cal. 
and + 55 to 67 kg. cal. for Mg,C, and MgC, respec- 
tively, deduced from electrochemical experiments by 
Baimakov and Prishchenchuk,® have been discounted, 
and these authors’ work on calcium carbide is in sharp 
disagreement with that of other workers. 


Manganese 
3Mn + C = ‘ Mn,C’s.c. Accuracy B 
AG 598-1000? K, = — 3330 — 0-267 
AG o00-1193° K. = — 5240 + 1-657 


The heat of formation of stoichiometric Mn,C has 
been determined by Ulich and Siemonsen,*! who 
measured the heat of combustion of Mn,C to Mn,O, 
and COQ,. Their value of —3-6 + 1-0 kg. cal. 
appears far more reliable than the value of —17-0 kg. 
cal. measured by Roth’? and the earlier values men- 
tioned in the latter paper. Ulich and Siemonsen’s 
value for the heat of formation of MnO (—93-0 kg. 
cal.) agrees well with the later value of Southard and 
Shomate % (—92-0 kg. cal.). 

The Mn-C equilibrium is most uncertain : there is 
such a difference between the conclusions of Vogel and 
Doring, whose diagram is shown by Goldschmidt,?4 
and those of Isobe,34 that it is impossible to know 
whether the lowest carbide is ‘Mn,C’ or Mn,C, or 
whether Mn,C is merely the lower composition limit 
for a carbide ranging from Mn,C to Mn,C. The 
results of Schenck and Meyer®* on the equilibrium 
CH,-H,-Mn and the various manganese carbides 
between 700° and 900° C. do not substantiate either 
diagram. 

The free-energy equations given above have been 
calculated from the heat of formation, with the heat- 
capacity and entropy data recommended by 
Kelley.4* 44 They apply to stoichiometric Mn,C. 
From the standpoint of steelmaking, this is un- 
doubtedly the most important carbide and its thermo- 
dynamics are of interest in connection with the forma- 
tion of cementite, in which part of the iron is replaced 
by manganese, (Fe, Mn),C. 


Molybdenum 
2Mo + C = ‘ Mo,C’ Accuracy C 
AG? ong 1973°K, = — 6700 + 0-0T 


The equilibria between Mo, ‘ Mo,C ’, CH,, and H, 
have been measured by Schenck, Kurzen, and 
Wesselkock®? at 700° and 850°C. ‘Mo,C’ is non- 
stoichiometric and can probably exist over the com- 
position range 5-3-5-88%, of carbon, the latter corre- 
sponding to the stoichiometric composition’. The 
results are only approximate, owing to the small and 
somewhat varying proportions of CH, obtained in 
the gas phase in different experiments, and to the 
probable occurrence of thermal segregation in the 
static gas mixtures used. If the results are com- 
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bined with these workers’ own data on the C-CH,-H, 
equilibrium (rather different from the values accepted 
here,®* presumably due to thermal segregation and 
to the fact that the deposited carbon was most 
probably not graphitic!*), values of — 7-1 and — 6-3 
kg. cal. are obtained for the free energy of formation 
of Mo,C at 700° and 850°C. The recommended 
equation is based on the mean of these results and on 
the assumption that the entropy of formation of 
‘Mo,C’ is negligible. It applies to the conversion 
of 1 gram-atom of carbon to the carbide in equilibrium 
with Mo metal. 

The higher carbide MoC appears, from the results 
of Schenk et alia,®* to be unstable with respect to 
Mo,C and graphite. 


Nickel 
3Ni + C = Ni,C Accuracy B 
AG*598-1000°K. = + 8110 — 1-707 


The equilibrium Ni,C-Ni-CH,—-H, has been studied 
by Browning and Emmett? in the temperature range 
226-285° C. and by Scheffer, Dokkum, and Al*® in 
the range 336-625°C. Both used circulating-gas 
techniques. The results of the latter indicate that 
Ni,C should be stable with respect to Ni and C at tem- 
peratures below 420° C.—a conclusion which is con- 
trary to the studies made by Hofer, Cohn, and 
Peebles?’ on the decomposition of Ni,C. Extra- 
polation of the data of Browning and Emmett to 
higher temperatures does, however, lead to agree- 
ment, at about 527° C., with the results of Scheffer 
and others ; the former set of data has been used to 
derive the recommended free-energy equation. 

The heat of formation of Ni,C at room temperature 
has been measured by Roth’*. His value of + 9200 
+ 1500 cal. compares reasonably with the tempera- 


ture-independent term in the above equation. 

Silicon 
Si+ C = SiC 
AG" 593-1683 K. 


AG" 1633-20007 K. = — 24,010 + 8-337 


Accuracy B 
= — 12,770 + 1-66T 


A detailed survey of the thermodynamics of SiC 
has been made by Humphrey, Todd, Coughlin, and 
King*!. They measured the heat of combustion of 
both the cubic and hexagonal modifications, and the 
corresponding heat capacities from 50° to 1400° K. 
The cubic form, which is known to be the more stable, 
was found by them to have a slightly more negative 
free energy of formation than the hexagonal ; but 
the values at all temperatures are so close (within 
1-1 kg. cal.), and the probable absolute accuracies 
are such, that there is no point in distinguishing be- 
tween the two varieties. The equations given above, 
which are those recommended by Humphrey et alia, 
are based on the mean values of AG®° for the two 
varieties. 

The value of AH°s9g° x, used here (— 12,400 cal.) is 
very different from the values — 31,000 + 6000 
obtained by von Wartenberg and Schiitte,** — 26,700 
+ 2100 obtained by Ruff and Grieger,’” and — 25,000 
derived by Ruff and Konschak’® from dissociation 
measurements on SiC at about 2500°C. The tech- 
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nique employed by Humphrey et alia appears to 
be the most reliable, so their value has been selected. 

The measurements of Brunner!® of the CO gas 
pressure supposedly in equilibrium with SiC, SiO,, and 
C have been disregarded, as it is doubtful to what 
equilibrium these pressures really apply. The condi- 
tions of Brunner’s investigation were such that SiO 
was undoubtedly a significant volatile product as well 
as CO; it could thus have upset both the measure- 
ments and their interpretation. 


Sodium 
Na + C= 4Na,C, Accuracy C 
AG oog> x, = 4000 

According to Bichowsky and Rossini,’ the heat of 
solution measurements of Na,C, in aqueous H,SO, 
and HCl made by de Forcrand and Matignon lead to 
heats of formation of + 4:4 and + 4:1 kg. cal., 
respectively. 

The dissociation of sodium carbide has been studied 
by Guernsey and Sherman*® from 600° to 700° C. 
They determined the pressure of sodium vapour in 
equilibrium with solid Na,C, and with carbon pro- 
duced in the dissociation, by the technique of en- 
training the sodium vapour from the decomposing 
carbide in a slow stream of hydrogen or helium, and 
extrapolating to zero flow rate. The pressures of 
sodium vapour are, however, rather greater than 
those for pure sodium, and the results can hardly be 
accurate, on account of the inevitable errors arising 
from thermal segregation in the slow gas streams used. 
Nevertheless, they are compatible with a zero or 
positive value for AG° in this temperature range and 
with the reported heats of formation. The value 
proposed for AG%s9s°x, is based on the measured 
values of AH°s99°x, and on the assumption that 
AS* 298° x, is negligible. 


Tantalum 
Ta + C = ‘TaC’ s.c. Accuracy D 
AG’ soge x. = — 64,000 


It appears that ‘TaC’ can contain excess Ta at 
least up to the composition Ta,.,C.17 The heat of 
formation of ‘TaC’, presumably of stoichiometric 
composition, has been measured by Alexander and 
Sanz,? and their value of — 63,800 cal. has been 
quoted by Brewer ef alia. It has not been pos- 
sible to obtain the original paper, so the accuracy 
cannot be assessed. AS°s9g° x. has been assumed zero. 

The lower carbide Ta,C!’ decomposes at about 
3400° C.,!2 presumably into Ta and ‘ TaC ’, so that it 
is probably not much more stable than ‘ TaC’. 


Titanium 
Ti + C = ‘TiC’ sc. Accuracy B 
AG oog-1150°K, = — 43,750 + 2-417 


AG* 1150-2000? K. = — 44,600 + 3-167 


The heat of formation of ‘TiC’ s.c. has been 
determined by a combustion method by Humphrey.*° 
His value of — 43,850 + 390 cal. for AH°oog° x. was 
combined with the appropriate heat-capacity and 
entropy data‘ 44 to derive the two free-energy 
equations, which apply to the « and f forms of Ti. 
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Brantley and Beckman" have measured the pres- 
sures of CO gas supposedly in equilibrium with TiO,, 
‘TiC’, and C between 1278° and 1428°K. If their 
data are combined with the heat of formation,?® heat- 
capacity, and entropy** 44 data on TiO,, values for 
the free energy of formation of ‘ TiC’ are obtained : 
— 64,500 cal. at 1200° K. and — 54,480 at 1400° K. 
‘ TiC ’ may exist with a considerable deficit of carbon, 
ranging from Ti,.,C to TiC,5* 17 so that the composi- 
tion of the ‘ TiC’ in Brantley and Beckman’s equili- 
brium may be different from the stoichiometric one. 
The difference is not likely to be great, for the high 
carbon and low Ti activity obtaining in the equilibrium 
would favour a ‘TiC’ rich in carbon. The entropy 
change,which may be calculated for the reaction 
‘TiO,’ + 3C = ‘ TiC’ + 2CO from the equilibrium 
results, is approximately. 34 cal./degree. Since the 
true value accompanying the production of two CO 
molecules from solid phases must be nearer 70 or 80 
than 34, Brantley and Beckman’s results must be 
subject either to considerable error or to different 
interpretation. 


Tungsten 
W+C= WC Accuracy A 
AG*o9g2 x, = — 8400 


There are two tungsten carbides, W,C and WC, 
which are stable below 2000°C. and which appear 
to be stoichiometric.°® ® The heat of formation of 
WC can be calculated from the heat of formation of 
WO, (— 200-16 kg. cal.), measured by Huff, Squitieri, 
and Snyder,?® and the heat change for the reaction 
WC + $0, = WO, + CO, (— 285-8 + 0-1kg. cal.), 
measured by McGraw, Seltz, and Snyder.** Because 
the entropy and heat capacity of WC are not known, 
AS°s9g° x. has been taken as zero. 

The equilibrium between W, CH,, H,, and tungsten 
carbides has been studied by Schenck, Kurzen, and 
Wesselkock®? at 700° and 800°C. The results are 
subject to some error, owing to thermal segregation 
in the static gas system which was used. They 
suggest, however, that WC is the lowest stable carbide 
at 800°C. and above, and W;C, (probably W,C?*) 
the stable carbide at 700° C. and below. When com- 
bined with these workers’ own data on the C-CH,—H, 
equilibrium (rather different from the data accepted 
here,*? presumably because of thermal segregation 
and the fact that the deposited carbon was most 
probably not graphitic!), the results at 800° K. lead 
to a value of — 5-1 kg. cal. for the free energy of form- 
ation of WC. Little reliance can be placed on this 
value at 800° K., for the results at 700° C. are thermo- 
dynamically most improbable. They suggest both 
that the free energy of formation of 4W,C, is — 5-2 
kg. cal. and that WC is unstable with respect to 
graphite and the lower carbide at this temperature— 
a phenomenon which would require an unreasonable 
entropy of formation for at least one of these carbides. 


Vanadium 
V+C=‘VC’ Accuracy D 
AG"o93-2000°K. = — 12,500 + 1-67 
The composition of vanadium carbide may range 
from VC to V,C,?4. The equations given above 
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apply to the reaction of 1 gram-atom of graphite with 
the appropriate proportion of vanadium to form the 
carbide in equilibrium with vanadium. 

An approximate value for AG®° at 1613° K. can be 
deduced from the single measurement by Slade and 
Higson®® of the equilibrium pressure of CO over a 
mixture which appears to have consisted of V, VC, 
and VO. This result was coupled with the measure- 
ments of Kobayashi‘? of the equilibrium V-VO-H,- 
H,O and the established H,-O,-H,O data.®* The 
work of Allen, Kubaschewski, and Goldbeck? indi- 
cates that, in both these investigations, the vanadium 
must have been saturated with oxygen. Since the 
concentrations can hardly have been more than 1 
or 2 at.-%, corrections for these effects are negligible 
compared with the probable accuracy limits. 

The recommended equation is based on AG*j613° x. 
and the necessary entropy and heat-capacity data for 
VC, V, and C, which have all been taken from 
Kelley.43 44 


Zirconium 
Zr + C = ZrC 
AG 5939973" K. = — 36,500 + 0:0 7 


Accuracy C 


The equilibrium ZrO,-C-ZrC-CO has been studied 
by Prescott®® between 1880° and 2015° K., and by 
Lorenz and Woolcock®® at 1743°K. The latter’s 
result lies within 3 kg. cal. of the extrapolation of the 
former’s. When combined with the available ther- 
mal data on ZrO,,4*: 44 51 the free energy of formation 
of ZrC from its elements can be calculated as — 37,840 
and — 35,220 cal. at 1800° and 2200° K., respectively. 
The temperature dependence of AG® is obviously in 
error, though the absolute values may not be greatly 
so. The equation recommended for AG® is based on 
the mean of the two values and on the assumption 
that AS° is zero. 

According to Burgers and Basart?’, ‘ZrC’ may 
contain excess Zr, probably to the limit of the formula 
Zr,.3C. The ‘ZrC’ occurring in the carbide-oxide 
equilibrium would tend, however, to be carbon- 
rich on account of the low Zr and high carbon 
potentials prevailing under those conditions. The 
AG® values deduced from this equilibrium may not, 
therefore, be correct for the *ZrC’ in equilibrium 
with metallic Zr, but the error due to this may well be 
less than the probable accuracy in the equation. 


CARBON IN IRON 


Carbon in «-Iron 


C = [Cl], Accuracy A 
0:01% = AG ong sor° x, = 20,000 — 21-407 
0-001% AG o7g 380° x. = 20,000 — 25-987 


0-0001% AG°yrx 1433: x, = 20,000 — 30-557 


The equilibria between carbon in «-iron and a 
CH,/H, atmosphere have been investigated by Smith8? 
at 750° and 800°C. From the temperature depen- 
dence of his results, he has derived a value of 20,000 
cal. for AH, and this has been used as the basis of the 
above equations. (See also p. 37.) For the equa- 
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tions for 0-001 and 0-0001% [C] it has been assumed 
that Henry’s solution law is obeyed. 


Carbon in y-Iron 


C = [C], Accuracy A 
1:5% AG® 067-1521° K. = 10,800 — 8-487 
1% AG*1073-1613° kK. = 10,800 — 9-757 
0:5% AG*1035-1708° kK, = 10,800 — 11-487 
0°3% AG°:or3 1745°K, = 10,800 — 12-587 
0-1% AG® 1 155-1798°k, = 10,800 — 14-787 
0:01% AG 1,29 s670° x, = 10,800 — 19-357 
0-001% AG°s153 1673: x. = 10,800 — 23-937 


0:0001% AG*,125-1673° x, = 10.800 — 28-50T 


The equilibria between carbon in y-iron and CO/CO, 
and CH,/H, atmospheres have been measured by 
Smith’? over the temperature range 800-1200° C. 
His results appear to be the most reliable and, as 
can be seen from his paper, they compare well with 
those of other workers. It is possible to calculate the 
chemical potentials of carbon in y-iron at tempera- 
tures around 1400° and 1500° C. from the chemical 
potentials of carbon in molten iron (see below) and 
the phase diagram. The above equations are based 
on both sets of data, and on the assumption of a 
constant partial molal heat of solution of carbon in 
y-iron over the whole concentration range. This 
comes out to be 10,800 cal., compared with Smith’s 
mean value of 10,120. The assumption of constancy 
(within the likely accuracy of the data) is reasonable, 
for Smith and Darken (in Smith’s paper) show that 
the heat of dilution at 0-9° [C] is only — 210 cal. 

For the equations for concentration below 0-1°%, it 
has been assumed that Henry’s law is obeyed, and 
this, at worst, can cause only a small error. 

For the 1-5 and 1% [C] equations the lower tem- 
perature limits are those at which cementite is in 
equilibrium with the carbon at these concentrations”), 
The other lower temperature limits are those at which 
the y-x transformations take place. The upper 
limits in all cases are those at which austenite is in 
equilibrium with liquid iron. 


Carbon in §-Iron 


C = [C], Accuracy A 
0-1% AG? n65° K. = 15.900 — 16-837 
0°01% AG, 63 1808 K, = 15,900 — 21-407 
0:001% AG s6-3 18192, = 15,900 — 25-987 


From the known activities of carbon in a and 
y-iron (see above) it is possible to calculate the activity 
of carbon in §-iron at 0-1% concentration and 1492°C., 
under which conditions it can be in equilibrium with 
y-iron containing 0-18°% of carbon and molten iron 
containing 0-50%.1)4 The above equations are 
based on this activity at 0-1°/ and on the assumptions 
that AS for carbon in §-iron is the same as in «-iron 
at the same concentration, and that Henry’s solution 
law holds in §-iron. The justification for the entropy 
assumption is discussed on p. 37. 
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RICHARDSON: 


Carbon in Liquid Iron 


C = [Chhiq. Accuracy A 
4%, AG? s433-9973° K, = 6400 — 4-837 
3% AG* 1548-9979 kK, = 6400 — 5-95T 
2% AG’ 633-0079 kK, = 6400 — 27-77 
1-59 AG” 1653-2073 x, = 6400 — 8-25T 
1:0% AG 1718-2973? x, = 6400 -- 9-70T 
0°75% AG ,245 9739 K,. = 6400 — 10-49T 
0:5% AG* 1 765-2273° kK. = 6400 — 11-507 
0:3% AG 1 796-2973° kK, = 6400 — 12-62T 
0-1% AG: s93-9073° x, = 6400 — 14-917 
0:01% AG e15 09732 x, = 6400 — 19-487 
0:001% AG, .15 9073: x. = 6400 — 24-067 
0-0001% AG, .15 9973: x, = 6400 — 28-637 


The thermodynamics of carbon in molten iron have 


recently 
Richardson and Dennis.®® 
used for deriving the equations for 1% 


re-investigated and surveyed by 
Their results have been 
[C] and less. 


been 


These results agree completely with those of Phrag- 
mén and Kalling,®** who studied very low concentra- 
tions only, and they match well with the extrapolated 


austenite data of Smith ; 


they are somewhat different 


(lower carbon potentials) from those of Marshall and 
Chipman.*? 


The equations for the higher 


concentrations of 


carbon are based on the phase diagram, the chemical 
potentials derived above for carbon in y-iron, and the 
assumption that AH is independent of concentra- 


tion. 


AH must, in fact, increase slightly with carbon 


concentration, ®® but the error arising from this in the 
AG® values is very small. 
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ADDENDUM 

The results of L. C. Browning and P. H. Emmett 
(J. Amer. Chem. Soc., 1952, vol. 74, pp. 4773-4774) 
on the equilibrium between hydrogen, methane, and 
molybdenum have been published since this paper 
was completed. They lead to approximate values 
for the free energies of formation of the molybdenum 
carbides which, at the higher temperatures, are not 
very different from those proposed above. These 
are: AG°soo°x. = —5700 cal., AG°o;0°k. =—8700 cal., 
for ‘ Mo,C’, and AG*),00°K. = 1700 cal. for the re- 


action ‘Mo,C’ + C = 2 ‘MoC’. For the reaction 
2 Mo + C = ‘Mo,C’, AG becomes markedly less 


negative as the temperature falls, particularly between 
800° and 700°K. The change is far too great to be 
attributable to changes in the supposedly small non- 
stoichiometry of ‘Mo,C’4: in the author’s view, 
either the equilibrium results or the phase diagram 
are in error. 





LETTER TO THE EpITorR 
SKIMMING OF SODA SLAGS 


The well-known process of desulphurizing. iron with 
soda ash has not been popular for treating hot metal 
destined for direct use in steelmaking, because of the 
bad effect of small traces of unseparated soda slag on 
the refractories of the mixer and steel furnace. Although 
the present technique of skimming off the soda slag with 
rabbles is fairly successful if carried out with care, it is 
difficult to separate the last traces of soda slag without 
undue loss of iron at the same time. The separation of 
this soda slag might be easier if it were possible to * foam ’ 
or ‘froth up’ the soda slag by the addition of some 
suitable foaming agent. Not only should skimming off 
be easier, but any residual slag, being frothy, would 
contain a much smaller weight of soda, and would thus 
be less harmful if carried over into the mixer and steel 
furnace. Although a foaming slag is generally considered 
to be objectionable in ordinary steelmaking practice, 
such a property may prove to be useful in other opera- 
tions where slag and metal have to be separated as 
efficiently as possible, as in most ladle reactions. 

Initial laboratory experiments have been made using 
small quantities of a foaming agent that is composed of 
a substance with low surface tension (e.g., a metal 
chloride) mixed with a substance that gives off gas on 
heating (e.g., a carbonate), together with a powder such 
as fine carbon dust to increase viscosity and stabilize 
any foam produced. Although in some cases incipient 
foaming has been observed when adding such materials 
to soda slag, it is too early yet to say whether stable 
enough foams will be produced on a large scale, but 
experiments are proceeding and, if these are successful, 
further details will be published later. 

B.I.S8.R.A., A. H. LECKIE 
Hoyle Street, C. E. A. SHANAHAN 
Sheffield, 3. F. J. LuNpD 
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The Thermodynamics of Metal Nitrides 


and of Nitrogen in Iron and Steel 


By J. Pearson, Ph.D., M.Sc., F.R.I.C., and Ursula J. C. Ende 


Introduction 


TTENTION is being increasingly directed to the 
A effect of comparatively minor proportions of 
nitrogen on such physical properties of solid 
iron and steel as strain ageing, hardness, internal 
friction, elastic recovery, and magnetic permeability, 
and to the influence of alloy additions in eliminating 
or modifying this effect. The influence of alloy addi- 
tions is clearly bound up with the changes that they 
cause in the relative proportions of nitrogen in solid 
solution and combined as a separate nitride phase 
or phases. 

Nitrides are being considered for use as_ high- 
temperature refractories for the melting of metals, 
and their suitability obviously depends upon the 
stability of the proposed refractory, both per se and 
as compared with that of any nitride that can be 
formed by the metal being melted. 

Although much experimental work will be neces- 
sary to elucidate completely the effect of alloy addi- 
tions to iron and steel on the behaviour of dissolved 
nitrogen, a knowledge of the stabilities of metallic 
nitrides can provide useful indications. For this 
reason, equilibrium and thermal data available for 
nitrides have been critically reviewed and have been 
used to calculate equations for the free energies of 
formation. The derived equations are presented in 
the form of nitrogen-potential (uy.)/temperature dia- 
grams, the use of which for rapid and approximate 
calculations has been adequately described 
elsewhere.1~ 8 

The thermodynamic data calculated by Kelley4 
have proved extremely valuable and have been 
checked in all instances and corrected when necessary. 
Information published since the appearance of 
Kelley’s work has been included in this review and 
used when considered satisfactory. 


THE STANDARD FREE-ENERGY/TEMPERATURE 
DIAGRAM 

Before considering the free-energy/temperature 
diagram (Fig. 1), it is necessary to indicate certain 
restrictions or limitations. These may be dealt with 
under the following headings : 

Standard States—The standard state adopted for 
gases is that of the pure substance at 1 atm. pressure. 
Owing to non-stoiehiometry of the nitrides and to 


JOURNAL OF THE IRON AND STEEL INSTITUTE 52 


SYNOPSIS 


The nitrogen potentials of a number of metal nitrides have been 
presented in graphical form as a function of temperature. A 
method is described for calculating the content of nitrogen in solid 
solution in iron containing alloying elements, and is used to indicate 
conditions under which nitrogen may affect the susceptibility of 
vanadium steel to strain ageing. 792 


solubility of nitrogen in the metals (see below) the 
standard states for nitrides and metals depend upon 
the method by which the results have been obtained. 
Where free-energy changes have been calculated 
from thermal data only, the standard state of the 
nitride is that of the pure material with a nitrogen 
content generally at the upper limit of the homo- 
geneity range ; the standard state of the metal is 
that of the pure solid or liquid, according to whether 
it is below or above the melting point. Where the 
free-energy change has been calculated from equili- 
brium results, the standard state of the nitride is 
that of the compound at the lower limit of the homo- 
geneity range and that of the metal is a nitrogen- 
saturated solution. 

Linearity—All the recommended free-energy equa- 
tions are linear, and likely accuracies have been 
proposed. The feasibility and limitations of this 
procedure have been discussed by Richardson and 
Jeffes.! 

Non-stoichiometry of the Nitrides—The metallic 
nitrides exhibit a marked tendency to be non- 
stoichiometric.* Their homogeneity range may be 
small, as with ‘ Fe,N ’, or large, as with ‘TiN’. The 
upper or lower limit of the range may coincide with 
the stoichiometric composition but, more generally, 
the nominal composition falls within the range. The 
homogeneity limits may vary with temperature, and 
very little information is available on the energy 
relationships within these ranges. This makes com- 
parison of equilibrium and calorimetric data difficult. 
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Alloying elements: 1°, concentration by wt. in solid iron 


Nitrides: pure solids 
Nitrogen: gas at 1 atm. pressure and 0-01°,, in iron 
Iron: pure solid 


Fig. 2—Diagram, based on Fig. 1, for calculating dis- 
solved nitrogen content of alloy steels 


When a nitride is in equilibrium with its parent metal 
or with a lower nitride, its composition will be at the 
lower limit of the homogeneity range, whereas ther- 
mal data are usually reported for materials that are 
made by submitting the metal to atmospheres of 
high nitrogen potential and that may have any com- 
position within the homogeneity range. Unless heats 
of formation and heat capacities are for a nitride 
phase of the same composition their use will involve 
an unknown error, and even when they are for the 
same composition they will usually refer to a material 
different from that for which equilibrium results are 
available. All these facts must be borne in mind 
when examining reported results ; the proposed limits 
of accuracy take into account these possible errors. 

Solubility of Nitrogen in Metals—Another com- 
plication arises from the fact that some metals dis- 
solve appreciable quantities of nitrogen in the solid 
and liquid states. Free-energy changes calculated 
from calorimetric data alone will refer to the forma- 
tion of nitrides from pure metals, whereas, when 
nitrides (particularly those of tantalum, titanium, 
and zirconium) are in equilibrium with their parent 
metal phases, the latter will be saturated with 
nitrogen. Unless the solubility and _ free-energy 
relationships of the solutions are known, it is not 
possible to apply, except with unknown errors, 
equations calculated from calorimetric experiments 
to equilibrium systems. This should be noted when 
the equations given in the Appendix are used. 
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Nitrides of the Metals 


Figure 1 is the standard free-energy or nitrogen- 
potential diagram for the formation of metal nitrides 
likely to be of interest in connection with the influence 
of nitrogen on the physical properties of iron and 
steel and with the choice of refractory materials. In 
view of the importance of ammonia or ammonia 
hydrogen mixtures for nitriding, the free-energy line 
for the formation of ammonia has been included. 

The free energies have been derived from data of 
heats of formation and heat capacities and from 
results of equilibrium measurements. The reliability 
and accuracy of such measurements have been dis- 
cussed by Richardson.? Reasons for preferring some 
data to others and suggested accuracies are given in 
the Appendix. 

The outer auxiliary scale, used in conjunction with 
the point D on the absolute zero ordinate, may be 
used to determine the nitrogen dissociation pressure 
of the nitrides at any temperature, on the assumption 
that the reactant and products, except nitrogen, are 
in their standard states. Thus, suppose that it is 
desired to know the dissociation pressure of vanadium 
nitride at 1000° C. The ny, line for ‘ VN ’ intersects 
the 1000° C. ordinate at —32-7 kg. cal. A taut string 
or straight edge, placed across the figure so that it 
passes through the point of intersection and the point 
D, will indicate the dissociation pressure on the py, 
scale. The value is 10-*8, 7.e., 2-5 x 10-§ atm. 

Because the degree of dissociation of ammonia at 
any temperature into its constituent gases depends 
on the total pressure of the system, it is not possible 
to define nitrogen potentials by means of a simple 
ratio pyy3/Pue- The inner auxiliary scale of Fig. 1, 
used in conjunction with the point .V on the absolute 
zero ordinate, may be used to read off the value 
(Pyug)?/(Pue)* in equilibrium with any nitride system, 
or desired nitrogen potential, at any temperature. 
Thus, a line drawn through V and the point —32-7 
kg. cal. at 1000° C. will pass through a point 10713*1” 
on the (pyug3)*/(Pue)? scale. The desired ratio is then 
6-7 x 10-™. 


GENERAL CONSIDERATIONS 


Little needs to be said about the nitrogen-potential 
temperature diagram ; the use of such figures has 
been discussed on many previous occasions. The 
order in which the lines in Fig. 1 run from top to 
bottom of the diagram represents the order of increas- 
ing stability of the nitrides, and their position with 
respect to the NH,/H, and the zero-potential lines 
indicates the conditions under which the nitrides can 
be prepared from pure metals by reaction with 
ammonia/hydrogen mixtures or with nitrogen. 


Nitrogen in Iron and Steel 

Of more immediate interest to the metallurgist is 
the question of whether Fig. 1 can be used to predict 
the nitrogen concentrations under which particular 
nitrides can form in iron containing alloying elements. 
These concentrations would also indicate the extent 
to which dissolved nitrogen can be sequestered by 
the alloy additions and so prevented from influencing 
physicai properties. Figure 2 has been constructed 
on the basis of Fig. 1, the lines now representing 


SEPTEMBER, 1953 





nitrogen- 
ul nitrides 
- influence 
iron and 
rials. In 
ammonia, 
nergy line 
uded. 

n data of 
and from 
reliability 
been dis- 
ring some 
> given in 


etion with 
, may be 
1 pressure 
ssumption 
‘ogen, are 
that it is 
vanadium 
intersects 
aut string 
so that it 
the point 
n the py» 
> atm. 

ymonia at 
; depends 
it possible 
a simple 
of Fig. 1, 
> absolute 
the value 
le system, 
perature. 
nt —32:-7 
t 190713-17 
io is then 


potential 
gures has 
ons. The 
m top to 
of increas- 
ition with 
ntial lines 
trides can 
tion with 
en. 


Jlurgist is 
to predict 
particular 
elements. 
he extent 
stered by 
nfluencing 
mstructed 
presenting 


MBER, 1953 





PEARSON AND ENDE: THERMODYNAMICS OF METAL NITRIDES AND OF NITROGEN 55 





rs rs 
i T 
— 
a 
~— 


fe) 
T 


V=0:015% 


> ao 


CONTENT OF NITROGEN IN SOLID SOLUTION «x 10%, % 
~ 0 













V=0-020%o 

















1 1 1 
400 500 600 700 800 


1 ! 
400 500 600 700 800 


TEMPERATURE, °C. 


Fig. 3—Effect of temperature on dissolved nitrogen in vanadium-iron alloys with (a) n 


(b)n 


the nitrogen potentials that are associated with 
equilibria of the type 

a{.W] (1°, concentration) N, = bM.~Na (free phase). 

It is assumed that the alloying elements behave 
ideally. 
manganese and chromium and perhaps also for vana- 
dium, but it is not justified for silicon, aluminium, 
titanium, or zirconium.* This is, of course, a severe 
limitation on the use of Fig. 2 and is one of the reasons 
why the study of the thermodynamics of iron— 
nitrogen-alloy systems is being undertaken in this 
laboratory. Another assumption that has to be 
made in using Fig. 2 is that the alloying elements do 
not affect the activity coefficient of the dissolved 
nitrogen. When the concentration of an alloy is low 
this assumption is probably satisfactory, but in the 
case of, for example, silicon in transformer sheets 
(3-4°,) it is probable that, as indicated by the stability 
of the nitride (AH°,., = — 180 kg. cal. for Si,;N,), 
silicon will reduce the activity of dissolved nitrogen. 
Because of the low concentration of dissolved nitrogen 
in the alloys under consideration, it can be assumed 
that the activity coefficient of the alloying element is 
unaffected by the nitrogen. 

In using Fig. 2, it is necessary to insert a reference 
line for the potential of nitrogen dissolved in iron. 
A concentration level of 0:01°% has been chosen. 
This line could, in principle, be calculated from a 
knowledge of the solubility of nitrogen in iron in a 
nitrogen atmosphere of known pressure. Unfortun- 
ately, the values for the solubilities at 1 atm. pressure, 
determined experimentally by Sieverts and his co- 
workers,*® ® are too discordant and scanty to be of 
much value. Concordant results for the nitrogen 
content of iron in equilibrium with iron nitride (Fe ,N) 
have, however, been obtained by two groups of 
workers, 7 ® and it is therefore possible to calculate 
the potential for 0-01% of nitrogen in iron from the 
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This is probably justified in the cases of 


0-005 and 
- 0-006° 


variation with temperature of this solubility, and the 
free energy of formation of iron nitride. Borelius 
and co-workers® have recently determined this 
solubility by calorimetric methods. Their results 
differ slightly from those used here but not sufficiently 
to warrant any modification of the line drawn. 

The use of Fig. 2 for calculating the effect of an 
alloying element on the concentration of dissolved 
nitrogen is best illustrated by an example, and, as it 
is known that vanadium will stabilize mild steel 
against strain ageing, 1° !! the effect of this element 
will be examined. 

The total vanadium and nitrogen contents in the 
alloy will be known (by analysis) and it is now 
necessary to determine what proportion of the 
nitrogen is combined as vanadium nitride and what 
proportion remains dissolved in the iron. This can 
be calculated on the assumption that equilibrium 
exists between the nitride phase and the dissolved 
nitrogen, for under these conditions the nitrogen 
potential of the V-VN system will be equal to that 
of the dissolved nitrogen. It is also possible that, 
when an alloying element is present in iron at low 
concentration, the composition of the equilibrium 
nitride phase will not be that corresponding to the 
lower limit of the homogeneity range ; in the present 
case it is assumed that the nitride has the same com- 
position as when in equilibrium with pure vanadium. 

Let the total vanadium content be v%, the total 
nitrogen be »%, and the vanadium and nitrogen 
combined as nitride be x% and 14x7/51% respec- 
tively. Let the temperature be 7’°K. (below 1183°K.). 

The residual vanadium will be [v-x]% and the 
dissolved nitrogen will be (n-fx)°%, where f = 14,51*, 





*The factor f given here assumes that the nitride is 
stoichiometric. In practice, f may vary from 14/51 
to 23/153, but the difference will not significantly affect 
the positions of the curves in Figs. 3a and b. 
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and these will be in equilibrium with free vanadium 
nitride. The nitrogen potential, yz), of the V-VN 
system is given by 

H(v—z) = Biv] — RT loge(v-a)? .....eeeeeeeeeeeeeeeeees (1) 
where yu [y] is the potential given by the 2[V] + N, = 
2‘VN’ line in Fig. 2. The potential of a solution in 
a-iron of (n-fx)% nitrogen is given by 

n—fx \* 

H(n—fr) = F[o-o1} + RT log 
where 1[9-9;] is the nitrogen potential given by the 
dashed line in Fig. 2. It follows that 

Liv] — 2RT loge (v-7) = pYfo-01} + 


. n—fx 
QRT loge (Fr) ssent (3) 
Now 
Hiv) = — 83,300 + UIE As anuusobscabasasseeanaeiee (4) 
and 
H[o-n] = 9760 — 2-3T (see Appendix) ............ (5) 


Substituting equations (4) and (5) in equation (3) 
and changing the base of logarithms, 
log (v-a) (n-fx) = 4:55 — 10,170/T =a 


or (v-«) (n-fx) — 10° = 0 
the solution of which is 
fv +n V {fv +n)? —4f (nv — 10°)} . 
Oi A A At Meola (8) 
2f 
The amount of dissolved nitrogen [N] is (n—fz), i.e., 


n—fvrt V {(fe +n)? — 4f (nv — 10")} (9) 


9 


< 


Equation (9) has been evaluated over the tempera- 
ture range 0-900° C. for nitrogen contents of 0:005% 
and 0:006% and for a number of vanadium contents. 
The results are plotted in Fig. 3. The curves indicate 
that : 

(i) If the vanadium content is in excess of that 
stoichiometrically equivalent to the nitrogen 
content, the material will contain virtually 
no free nitrogen at low temperatures. Material 
annealed at a low temperature should there- 
fore have all nitrogen combined as nitride and 
thus not be susceptible to strain ageing. 

(ii) The annealing temperature above which free 
nitrogen begins to be significant increases as 
the vanadium content increases, for a given 
nitrogen content, and decreases as the total 
nitrogen content increases. for a given vana- 
dium content. Material annealed above this 
temperature is therefore liable to strain ageing, 
for it is unlikely that all the free nitrogen 
will combine with the excess vanadium during 
cooling to room temperature. 

Quantitative correlation of these curves or of 
equation (9) generally with strain-ageing properties is 
not possible, because of lack of precise knowledge of 
the extent to which equilibrium is established between 
vanadium and nitrogen on cooling, and because of 
the uncertainty in the thermodynamic data employed 
in the calculations. It has been shown, however, 
that the above considerations are in qualitative agree- 
ment with experimental work on strain ageing.” 
Curves such as those in Fig. 3 should indicate safe 
annealing temperatures. 

Similar calculations could be carried out for other 
alloying elements if their activity coefficients in solid 
iron were better known. The relative positions of 
the lines for CrN, AIN, ‘TiN,’ and ZrN in Fig. 2 





N = 
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indicate that chromium should be less effective than 

vanadium, and aluminium, titanium, and zirconium 

more effective, in overcoming the effects of nitrogen. 
CONCLUSIONS 

The free energies of formation and thus the nitrogen 
potentials of a number of metal nitrides have been 
evaluated ; these may be represented as linear plots 
on a y,/temperature diagram, the use of which has 
been indicated. 

It has been shown how this diagram can form the 
basis of a calculation of the dissolved nitrogen content 
of alloy steels and can thus indicate how nitrogen may 
be combined as stable nitride and prevented from 
affecting the physical properties of the steels. In 
particular, the réle of vanadium in stabilizing steel 
against strain ageing has been indicated and a me- 
thod by which the safe annealing temperatures may 
be predicted has been described. 
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APPENDIX 
Standard Free Energies of Formation of 
Metal Nitrides 
The equations in this Appendix give the standard 
free energies of reaction (AG°) in cal./g.mole of 
nitrogen. The accuracy limits have been estimated 
and each equation has been graded into one of the 
following classes : 
Accuracy B + 3 kg. cal. 
C + 10 kg. cal. 
D> +10 kg. cal. 
These gradings are assessments by the authors of the 
limits within which lie the true values of AG° ; they 
have no precise statistical significance. 


Aluminium 
(2ZAl + N, = 2AIN) Accuracy D 
AG°sog-g3229k, = — 144,300 + 46-57 
AG°o39-1800°K, = — 147,600 + 50-07' 


The heat of formation of aluminium nitride has 
been measured by several workers,!-!7 values of 
AH *59, obtained varying from 55 to 91 kg. cal. The 
equilibrium measurements by Fraenkel!® of the 
reaction Al,O, + 3C + N, = 2AIN + 3CO may be in 
error because of the formation of volatile lower oxides 
of aluminium. The results obtained by Prescott and 
Hincke!® for the reaction 4AIN + 3C = Al,C, + 2N, 
have been discussed by Kelley,4 who derived there- 
from a value of AH°, = — 253,500 cal. When this is 
combined with Prescott and Hincke’s results and 
with the free energy of formation’ of Al,C,, the above 
equations are computed. They indicate a value of 
AH og, of approx. —72 kg. cal., which is within the 
range given above. 

Boron 
(2B + N, = 2BN) Accuracy C 
AG 1900-2300 K. = — 52,500 + 19-47 


The thermal decomposition of BN was measured 
by Lorenz and Woolcock”® between 1968° and 2318°K. 
The existing entropy and heat-capacity data do not 
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permit satisfactory calculation of free energies down 
to low temperatures. The above equation is therefore 
recommended only for the range given. 


Chromium 
(4Cr + N, = 2‘Or,N’) Accuracy C 
AGo9s-1800°K. = — 44,000 + 24-0T 


(2‘Cr,N’ + N, = 4CrN) Accuracy C 


AG°o9s-1800°K, = — 58,150 + 42-8T 


(2Cr + N, = 2CrN) Accuracy D 
AG°sos_is00°K, = — 51,000 + 33-47 


Sano”! measured the dissociation pressures of the 
Cr—‘Cr,N’ and ‘Cr,N ’"-CrN systems over the range 
1100-1400° K. and the above equations are derived 
solely therefrom because thermal data is lacking. 
The lower accuracy of the third equation arises from 
the fact that ‘Cr,N’ is non-stoichiometric (nitrogen 
content 9-5-11-9°% approx.). In the first system 
the ‘Cr,N ’ is at the lower limit of the homogeneity 
range and in the second it is at the upper limit. 
Combination of the first and second equations to give 
the third neglects this fact and is thus likely to be 
subject to a large error. The heat of formation 
of 59-6 kg. cal. measured by Neumann ef al. **: 23 by 
nitriding is not inconsistent with the third equation. 
The results of Valensi,?4 supposedly for the CrN-Cr 
system, are in fair agreement with those of Sano for 
CrN—Cr,N’. It is difficult to see how the CrN—Cr 
system could have been studied by equilibriun me- 
thods at the temperatures concerned. Valensi, in 
fact, suspected that solid solutions were formed during 
the decomposition reaction. 


Iron 
(8Fe(q) + Ny = 2°Fe,N’) 
AG° = — 5800 


298-860° K. 


Accuracy B 
24°57 

2[N] (0-01 wt.-°,) Accuracy B 
= 9760 — 2-3T 


(Fe(a) ~ Nz = 
AG 
The first equation is derived from equilibrium 
measurements of the reaction 2°*FeyN’ + 3H, 
8Fe + 2NHg,, by Lehrer?® and Emmett, Hendricks, 
and Brunauer,?® combined with the equation for the 
formation of NH, given by Kelley? Although it is 
probable that higher nitrides of iron exist, the infor- 
mation on this subject is not reliable. The nitrogen 
concentrations in iron at which higher nitrides are 
formed are considerably higher than those likely to be 
encountered in the processing of iron and steel. 
Dijkstra’ has used damping-capacity methods to 
determine the solubility of nitrogen in iron in equili- 
brium with ‘Fe,N’. His results are in good agree- 
ment with those obtained by Paranjpe ef al.° by 
nitriding of iron in NH,/H, mixtures at temperatures 
above 450°C. As the nitrogen potential of these 
solutions of nitrogen in iron must be equal to that 
of ‘ Fe,N ’, it is easy to calculate the nitrogen poten- 
tial, and thus the free energy of formation, of a 
solution of 0-01°%, of nitrogen in iron, because the 
nitrogen content is a function, at any temperature, 
of the square-root of the ambient nitrogen partial 
pressure. Borelius and co-workers® have recently 
measured the solubility of nitrogen in iron in equili- 
brium with ‘ Fe,N ’ by determining the heat evolved 


298-1180° K. 
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when a supersaturated solution is equilibrated. Their 
results are somewhat higher than those of Paranjpe, 
but the difference and possible errors in their work 
make it unnecessary to modify the above equation. 


Magnesium 
(3Mg + N, = Mg;3N,) Accuracy B 
AG°oo3-893°k, = — 109,600 + 47-417 
AG° x93 9932K. = — 109,490 + 47-287 


— 115,970 + 54-307 
— 115,750 + 54-097 


AG 923-1061° K. 
AG 1061-1200° K. 


The heat of formation was measured by Neumann, 
Kroger, and Haebler,!4 and by Neumann, Kréger, 
and Kunz,” by nitriding in a calorimeter. Mitchell?7 
obtained a slightly lower value from measurement 
of the heat of solution of Mg,N, in hydrochloric acid ; 
this is considered to be more accurate and is adopted 
for calculating the above equations, the entropy of 
Mg,;N, and the high-temperature specific heats of 
Mg, N,, and Mg,N, being taken from Kelley.* 8 


Manganese 
(6Mn + N, 


> 


= *‘ Mn,N,’) Accuracy D 
AG 208° K. 
Very little reliable information is available on the 
formation of manganese nitrides. Hagg?® and 
Zwikker® have shown the existence of three phases 
of nominal composition Mn,N, Mn,N, and Mn,N,. 
Neumann and co-workers? 3 measured the heat of 
formation of a material that was analysed for Mn,N,, 
and from their results Kelley? has estimated the above 
free-energy change. It should be pointed out that 
*Mn,N,’ is not a separate compound but merely the 
lower limit of the ‘Mn,N’ phase. Maier*! has 
criticized the results of Neumann ef al.*?;*3 and 
assumed that all past work was carried out on solid 
solutions of Mn,N, in manganese. In view of the 
findings of Hagg?® and Zwikker,® such an assumption 
is not tenable. 


16,900 


Hydrogen 
(8H, N; 2NH;3) 


AG o93-1200° K. 24,100 53-47 

The free-energy equation was calculated from heat- 
content data for H,, N,, and NH,, and entropies at 
298° K. were taken from Kelley.**: ** A value of 
AH” .o8 11,040 for the heat of formation of 
NH,, redetermined by Becker and Roth,® was 


adopted. 


\ecuracy B 


Silicon 
(8Si + N, = 4$Si3N,) Accuracy D 
AG 298-1680? K 90.000 10-27 
AG 106,700 50°17' 


1680-1500" K. 

Hincke and Brantley*4 studied the equilibrium be- 
tween silicon nitride, silicon, and nitrogen. From 
their data Kelley* derived a value of AH, 
— 90,000, which has been adopted for the above 
equation. The heat of fusion and melting point were 
taken from Korber et al.*° 
Tantalum 

(2Ta + N, = 2TaN) 

AG? so3-ay0°k, = — 115,250 


Accuracy D 
38°77 
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The heat of formation is given by Neumann, 
Kroger, and Kunz.** The heat capacity of TaN 
from 298° to 800° K. was measured by Sato®® and 
entropies were taken from Kelley.** 4 


Titanium 
(2Ti + N, = 2‘ TiN ’) Accuracy B 
AG°o9s-1155°K, = — 160,500 + 44-407 
AG*1155-1500° K, = — 161,860 + 45-577 


The heat of formation of ‘ TiN ’ was calculated by 
Humphrey*’ from heat-of-combustion measurements. 
His value agrees well with that of Neumann, Kroger, 
and Kunz,** and was adopted for the calculation of 
the above equations. High-temperature heat con- 
tents and entropies for titanium, nitrogen, and 
titanium nitride were taken from Kelley,?* ** and 
the heat of transformation of titanium was taken 
from McQuillan.* 


Vanadium 
(2V + N, = 2° VN’) Accuracy D 
AG = — 83,300 + 39-77 


298-1600° K. 
The heat of formation of VN is not known. Slade 
and Higson**: 4° measured the dissociation pressures 
of VN at 1476° and 1544° K. From these and en- 
tropies and heat capacities at low and high tempera- 
tures,?8 32 AH°,, was computed and the above 
equation was derived. 
Zirconium 
(2Zr + N, = 2ZrN) Accuracy B 
— 163,800 + 44-617 
— 165,640 + 46-227 


AG" 598-1135°K. = 
AG*1135-1500° K. = 
Neumann, Kréger, and Kunz** measured the heat 
of combustion of ZrN and, using a value of AH*,9, 
— — 258,200 for heat of formation of ZrO,, derived 
the figure of —82,200 cal. for the heat of formation of 
ZrN at constant pressure. From this figure and the 
heat contents of Zr and ZrN, measured at high tem- 
peratures by Coughlin and King* and at low tem- 
peratures by Todd,’ the above equations were 

derived. 
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wget MELTING SHOP PRACTICE AND DETAILS OF The smaller melting shop has seven furnaces, three 
FURNACES acid and four basic, now tapping about 65 tons. 
vs, 1913, HE main melting shop has 14 furnaces. Normally, However, the remarks in this paper refer principally 
c., 1919, 1] furnaces are working, one is down for a top to the main melting shop. } 
repair, one for a general repair, and one for The following notes relate to the construction of the 
r, Chem. reconstruction. A cold-metal process is worked, 55% furnaces: 
- scrap being charged. The furnaces tap 80-82 tons, Two checkers (old air and gas) at each end 
te 204, an average of 7-12 tons hr. The average time from Most furnaces have one slag chamber at each end 
charge to tap is 10 hr. 20 min., and 65 min. for 
fettling. A shortened version of the paper presented at the 
Twenty-First Meeting of the Iron and Steel Engineers 
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Table I 
NOMINAL ‘TOP REPAIR’ TIME SCHEDULE 












































8-hr. |12-man| Time 8-hr. |12-man| Time. Total 
Dismantling — Man | Gang Section, ——_ Rebuilding Fase Man | Gang Section, = Repair 
Shifts | Shifts | days y Shifts | Shifts | days ys | Time 
bs 4 
Dismantler’s contract 336 42 34 
Banks and uptakes 240 30 23 
(additional to con- 
tract) 
Total 576 72 6 2 2 Bricklayers start _ 2 
Slags Top 
Removal—contract 336 42 3} Bricklayers’  piece- 768 96 8 24 
Arches and walls 240 30 23 work 2% 43 
(additional to con- 
tract) 
Total 576 72 6 2 4 Slag pockets 576 72 6 2 43 63 
Drying 3} 10 34 10 
Total—Dismantling 1152 144 12 4 4 
Totals 
Bricklayers 1344 168 14 43 
Bricklayers’ mates 1344 
Two up-takes each end Rebuilding 2688 
Ramp roofs sloping at 1 in 4 Dismantling 1152 
Burner tip 2 ft. 6 in. from end of bath 
Main roof middle is 12 in. higher than knuckle | Total Repair 3840 
ends 





























Sloping back walls (except one) 

Water-cooling on oil burners only 

Three doors, silica door arches interlocking brick 

Chrome-magnesite back and front walls 

Pit-side air end of chrome-magnesite, front silica 

One furnace has single sloping uptake 

One furnace has single straight uptake 

Waste-heat boilers on alternate furnaces 

All air valves are damper-type, except one butterfly 
type 

Half gas valves are Lake or Dyblie type, and half 
are damper type. 


FURNACE MAINTENANCE AND REPAIRS 


Hot Repairs 

A hot-repair gang of bricklayers maintains all work- 
ing furnaces and the relining of ladles. When all hot 
repairs are made the furnace has been tapped and 
fettled and the first run of scrap has been charged. 
The fuel is then shut off and the repair is started. 
There is no water-cooling on the front wall. 

Silica bricks, 9 x 4} x 3 in., are used above a line 
9 in. above the sill level and built on a bed of chrome- 
magnesite bricks below this line. On the first hot 
repair chrome-magnesite bricks are used throughout. 
Silica bricks for hot repairs are saturated with tar to 
lessen the risk of spalling due to rapid heating. 

Roofs are examined twice a week, or twice a day 
if a roof is giving concern. After 8-9 weeks a patch 
about 4 ft. wide x 20 ft. along the back, or 4 ft. 
8-10 ft. at one or both ends of the main roof at the 
pit side, may be required. If the thin portion of the 
roof is rising out of normal shape, a packing is built 
over the middle of the affected part. 

On producer-gas-fired furnaces the burner ends are 
not water-cooled and may become burnt back twe 
or three feet in 6-8 weeks. When the flame is damaging 
the roof or walls a Scotch block is built on the offending 
position. A horseshoe bent plate, shaped to fit the 
gas port, is fixed in position by the charger or crane, 
and used crushed silica brick with 2° bond of sulphite 
lye is built over the plate, thus replacing the burnt-off 
material. 
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Hot repairs to the front wall, block, roof, etc., that 
may take 4-8 hr., must be arranged to fit in with the 
furnace operation. If, towards the end of the campaign, 
the furnace is draughting badly, a false flue is built 
through the checker wicket and through a manhole 
into the flue, thus slightly short-circuiting or by- 
passing the checkers. This results in an extra week 
of production. 

Air ends may wear thin in 8-10 weeks. If the 
furnace air ‘ heels’ have worn low, then the air-end 
wear may be below stage level. Early attention 
should therefore be given to this. If all air uptakes 
are built of silica the pit-side air ends require repair 
some time before the front air ends. With chrome- 
magnesite pit-side uptakes the life has been prolonged 
from 5-6 weeks to 10-12 weeks. The present practice 
is to use silica on the front and chrome-magnesite 
on the pit-side and thus balance the lives. 


Furnace Campaigns 

A furnace campaign is scheduled to run for 24-26 
weeks. After the first 12-13 weeks a top repair is 
carried out, and after the next 12-13 weeks a general 
repair follows. The cost of both repairs is included 
in the cost of the campaign, since the type of steel 
produced, the rate of production, and the method 
of operation have a strong influence on the repairs 
required, in addition to the total production. 

When planning a repair, careful attention is given 
to (1) the examination after shut-down, (2) the dura- 
tion of the campaign, and (3) the previous repair 
history, which will enable a forecast to be made of 
the necessary repairs. 

In both top and general repairs the following labour 
is employed: 

Dismantlers: 3 shifts of 12 men and 1 charge-hand 
on each shift (total 39 men) 
Bricklayers: 3 shifts of 12 bricklayers, 13 labourers, 
and 1 charge-hand on each shift (total 78 men). 
The man-hours for these two classes are given under 
the sections dealing with top and general repairs. In 
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addition, on each shift there are four labourers for 
supplying brick oddments and jointing materials, and 
a gang of general labourers who carry out all tarred- 
dolomite ramming in the bath. 


Top Repairs 


A top repair schedule is shown in Table I. In a 
top repair all the furnace above the sill is renewed, 
the slag pockets are cleared, and the false walls and 
sand are replaced. The nominal duration of a top 
repair is 10 days, made up as follows: dismantling 
1152 man-hours (4 days), rebuilding 1344 man-hours 
(4% days), and warming-up 3 days.* The average 
figures taken from ten top repairs were: Dismantling 
1868 man-hours, 1724 bricklayer man-hours, using 
138,842 bricks (7.e., 80 bricks per man-hour or 600 
bricks per man-shift). The increased times and brick 
usage above the nominal are due to frequently taking 
out 6 ft. of checkers and having to repair a large 
proportion of the uptakes. This in turn is due to 
improved roof life on some of the furnaces, with a 
consequently greater slag bulk and greater damage 
to checkers and chamber walls and arches. 
Reconstruction 

The 14 furnaces in the main melting shop are being 
converted one by one to 100-ton furnaces; hence, each 
furnace will be down for reconstruction in turn until 
the shop is completed and therefore will not be 
included in the normal repair schedule. 

Each reconstruction covers a complete new furnace 
and valves, with new foundations; it includes new 
designs and occupies several months. The labour 
forces used are quite independent of the main repair 





* Bricklayers start building 2 days after the dis- 
mantlers start. 


gangs, although they receive materials and supervision 
through the same organization. 


General Repairs 

A general repair is similar to a top repair, but in 
addition the checkers are completely replaced and all 
flues are cleaned out. The campaign life is decided 
by the checker life, and is the period between two 
general repairs. 

The roof, front and back walls, tap hole, bath banks, 
burner block ends, ramp roofs, and uptakes are all 
dismantled and all slag and checker filling is removed. 
The slag-pocket arches, the bridge wall, the neck (or 
fantail) arches, the checker arches, and the brickwork 
on the chimney side of water-sealed valves all usually 
require repair. 

A general repair schedule is shown in Table II. 
Bricklayers cannot start working until all the above- 
stage part of the furnace is dismantled. By having 
two furnaces off together one furnace stops working 
each week and the later furnace is being dismantled 
while the earlier furnace is being rebuilt. The nominal 
general repair occupies fourteen days; dismantling 
requires 2000 man-hours (7 days), and rebuilding 
2500 man-hours (8% days), including 72 hr. warming 
up to 600° C. On ten recent general repairs the average 
times were: 2763 man-hours for dismantling and 2527 
bricklayer man-hours, using 202,725 9-in. equivalent 
bricks (80 bricks per man-hour or 600 bricks per 
man-shift). 

The procedure for a general repair is as follows: 

(1) After the last tap no fettling is done and the 
furnace is left empty. 

(2) An hour or so after fuel is off the valves are set 
on centre and the charging doors are taken off. 




















Table II 
NOMINAL ‘ GENERAL REPAIR’ TIME SCHEDULE 
8-hr. |12-men| Time, _| 8-hr. |12-men/ Time, Total 
Dismantling — Man Gang | Section, _— Rebuilding oo. Man Gang | Section, —_ Repair 
Ours | Shifts | Shifts | days =" Shifts | Shifts | days . Time 
Top Days 
Dismantler’s contract 336 42 34 from 
Banks and uptakes 240 30 24 start 
(additional to con- 
tract) 
Total 576 72 6 2 2 Bricklayers start here 2 
Slags Top 
Removal contract 336 42 3} Bricklayers’ _piece- 768 96 8 23 
work (craftsman 
time only; mates’ 
equal time _ not 
shown) Ee 
Arches and walls 240 30 23 23 4} 
(additional to con- Slags 
tract) Bricklayers’ _piece- 576 72 6 2 43 63 
Total 576 72 6 2 4 work 
Checkers and Flues 
Bricklayers’ piece- | 1152 144 12 4 83 103 
Checkers work 
Dismantler’s contract | 336 42 3} Drying 10 33 14 
Arches and walls 240 30 24 
(additional to con- 
tract) Totals 
Flues General—bricklayers | 2496 312 86 
Cleaning and repairs 288 36 3 (craftsmen only) 
(additional to con- General—craftsmen’s | 2496 
tract) mates 
Total—Checkers and 864 108 9 3 vj General—dismantlers | 2016 
flues 
Total—Dismantling 2016 252 21 7 7 Total Repair 7008 
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(3) About 16 hours after fuel is off, dismantlers 
start work. The front wall is knocked down, the top 
of the back wall is pushed in the furnace, and air ends 
(bulk heads) are broken open to insert bars to support 
sheets to cover the uptakes. 

(4) The main roof and the ramp roofs are then 
dropped into the furnace. The chrome-magnesite from 
the front wall and the back wall is dropped into the 
checker bay for sorting and removed to the crusher 
and pan mill for making basic jointing material. 

(5) The roof debris is thrown into rubbish ladles on 
the pit side; the block end walls, uptakes, and burner 
brickwork are dealt with similarly. 

(6) All full-size bricks are stacked by the dis- 
mantlers on the stage round the furnace ends and 
back, ready for cleaning by a separate gang. Burnt and 
broken brick only is thrown into the pit ladles. 

(7) If bricklayers are following on quickly then at 
least one arch ring is left at the bottom of the uptakes 
to allow bricklayers a base to start from. The existing 
arch can be removed later if it requires replacement. 
The bricklayers use a scaffold supported from hooks 
from stage level so that the dismantlers can be 
working below at the same time. They then drop 
the slag wicket. 

(8) Both checker and slag arches are built in two 
rings, one above the other. If the bottom ring only 
requires repair it is removed by dismantlers, the 
top ring holding up all the superstructure. If the top 
ring (of the slag arches) requires repair, then the 
bottom ring also must be done, the bottom ring acting 
as a ‘centre’ for the top ring—plates being used at 
any gaps—while the top ring is built. Later the 
bottom ring can be dropped. 

(9) After all debris is thrown out from the top of 
the slag, the false walls, sand, and brickwork are 
cleared for 3-4 ft. in the chamber. The cavities so 
formed round the sides and bottom of the slag bulk 
should leave a cantilever portion of slag pointing to 
the pit side. 

(10) By levering, by wedges underneath, and by 
air hammers cutting grooves across the top, this lump 
sometimes breaks off. If it does not fall in one piece 
it is broken up and man-handled into small buckets. 

(11) Large lumps are lifted out by slings, with the 
pit-side crane. When on the pit floor all lumps must 
be broken down for handling into rail wagons. Trials 
with explosives and hydraulic methods have not been 
successful so far. 

In gas-fired furnaces two men work in each gas 
slag (or checker) and four men in each air slag. A 
gas-fired acid furnace may require four in each gas 
slag and only two in each air slag. In acid furnaces 
the air slag is easily removed, but the gas slag under 
the uptake will have a large heap of silica from Scotch 
blocks. In oil furnaces, half the gang is placed at each 
end in the single slag chambers. 

(12) The bridge wall and the fantail or neck arch 
are next repaired if necessary. 

(13) Repairs to checker arches follow. The arches 
are dismantled first, using the old checkering for 
scaffold supports. 

(14) All checkers are removed. 

(15) Bearer walls are dropped. 
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(16) All deposit between the bearer walls is removed. 

(17) Deposit at the checker end of the flues is re- 
moved. 

All the checker bricks, at least in the top half, are 
firmly fritted and slagged together. An open-hole 
checker filling such as a 6-in. by 6-in. is much more 
easily removed than a solid-hole filling. The open 
sides allow bars to be inserted, and breaking is much 
simpler. 

(18) The debris from the checkers is thrown through 
the checker wicket and then into wagons—there being 
one wagon at each wicket. 

(19) Deposit from the flues and repair debris from 
the chimney end of the flues is taken out from the 
stack bottom (chimney bottom) wicket. The hole 
here is 4 ft. high and 2 ft. 6 in. wide to allow easy 
access. This rubbish is removed via wagons in the 
valve pit railway.” 

(20) When dismantlers move from the top to start 
working down below in the slags, bricklayers start 
in the uptakes. If one uptake requires more repair 
than the others, it has continuous bricklaying through 
all meal times. 

(21) The uptakes at sill level release some brick- 
layers for the taphole and back and front walls. The 
walls are stopped about 15 in. below roof skewback 
channels, and main door arches are left off. 

(22) Gas ports or oil-burner dog houses are simul- 
taneously being built. 

(23) Air end walls and side walls are built to within 
18 in. of ramp skewback channels. 

(24) Packings for roof centres supports follow. If 
the roof is straight rings, then support at the back 
and front wall will be enough, because each ring of 
the roof arch supports itself. With a bonded roof 
the roof centres must be supported additionally with 
one or two packings full length down the middle, 
depending on the span. 

(25) The roof centres should be 2-24 ft. apart. 

(26) The main roof is built first, starting at the 
verb knuckles at each end. 

(27) After drawing the centres all the piecing up 
of the wall tops to the roof channels follows. This 
includes the main door arches, if refractory. Care 
should be taken that the upward expansion of the 
walls is allowed for, remembering that at the furnace 
ends expansion may be 3 in. or so. 

(28) The bricklayers’ next move is to the checkers 
with two being sent into the valves brickwork repairs. 
By working away from the stack the fire for draught 
can be lit off early in the time schedule. Any struc- 
tural, mechanical, or valve pan casting repairs would 
have already been completed. 

(29) With the checkers built, the slag false walls 
and sanding in the bottom can be done and finally 
the slag wicket seals off the whole furnace. 

(30) The completion of the top brickwork brings 
the start of the dolomite bottom ramming. A full 
bath would take three days for 70 tons, but a normal 
10-14 tons is carried out in 14-2 shifts. 

(31) Warming coke-oven-gas pipes are lit in the 
slag pockets as soon as the wickets are built, and later 
the three pipes in the bath are lit. The schedule for 
warming is 8-12 hr. stack fire (coal), 8-12 hr. slags 
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coke-oven—two or three days if new checker arches— 
and 48-72 hr. bath and roof heating to 600° C. 

At 600° C. the furnace is handed over to the steel- 
makers. 

The following features have been or are shortly to 
be introduced to speed up repairs: 

(1) To facilitate slag removal the pit side is used 
instead of the valve pit side, since the full 
width of the chamber can be reached; six stair- 
ways from the stage to the pit side are being 
removed; the stage edge girders at each slag 
pocket are being stiffened 

(2) The roadway approach to the valve pit has been 
developed 

(3) Two furnaces are to have basic roofs. 


Roof Life 


Roof life is probably the most important single 
feature in furnace maintenance. The following shows 
the improvement in roof life over the last few years: 


Actual Life Rate of Working 


Year Casts Weeks (Casts, Week) 
1946 126 10-6 11-9 
1947 114 9-7 11-8 
1948 126 9-6 13-1 
1949 129 9°7 13°3 
1950 157 12-0 13-0 
1951 185 3°6 13-6 


In 1948 a continuous working week was introduced. 
In 1950 there was a slight drop in the rate of working, 
but a large increase in the life, due probably to trials 
carried out with special refractories. 

In the 14-furnace shop the average roof life is about 
12 weeks; if a roof will not last for 12 weeks it is 
patched. In the smaller shop the duration of a 
campaign is generally that of two roof lives, or about 
six months. 


Checker Life 

The checkers suffer from the slagging away of the 
top courses. The consequent freezing lower down 
chokes the apertures, and the furnace is slowed down. 
Since the output is dependent on the condition of the 
checkers and this is proportional to the age, 6 ft. of 
the checkers (a one-third slice from top to bottom 
in each chamber) are now renewed at the top repair. 

On some of the furnaces with longer than average 
roof lives, complete checkers have been removed after 
the one roof, and the campaign costs were about 20°, 
below the average. 


Brick Usage 
The following figures indicate the quantity of bricks 
used: 
138,842 
202,725 


Top repair 
General Repair 


341,567 


Total used in 2 weeks 
Average per week 172,000 


The figure of 172,000 is on the high side because it is 
an average of ‘paid’ bricks based on equivalent 
weight, and 28,000 chrome-magnesite bricks used have 


been ‘ paid ’ as 56,000. The correct figure is therefore 
144,000, which gives the following weekly figures: 
Average 144,000 





Weekly ladles 40,000 
Hot repairs 10,000 
Templeborough Mills 15,000 
Ickles Mills 5,000 
Total 214,000 


Of all material used 70-75% is delivered from the 
supplier direct to the work site. Stocks and handling 
charges are at a minimum. 

It is considered that the wagons used in Britain 
are unsuitable for pallet loading with fork-lift trucks. 
If a wagon with full drop sides is at the furnace 
and can be approached only from one side, a fork-lift 
truck can only remove the nearside row of pallets. 
With a wagon 8 ft. wide it would be possible to have 
two rows of pallets side by side. 

Refractories 

The average of 60 lb. of refractories per ton of steel 

used is made up as follows: 


Lb. per Ton 
of Steel 
Firebrick 12-5 
Silica brick 34-2 
Chrome-magnesite 12-4 
Dolomite 0-9 


60-0 
Dolomite bricks are used for hearth construction and 
repair. Firebricks of 33-36°, alumina are used in the 
flues and lower checkers, with 39-42°, alumina in 
upper checkers. 

The silica brick includes second-grade silicas used 
in the checker chambers and slag chambers as well 
as the first quality in the uptakes and roof. On the 
all-basic furnace 35 lb. of refractories are used per 
ton of steel, but further work is still required to prove 
this type of construction. 

Supersilica or silerete bricks are now in use. The 
following figures were obtained from 49 roofs with a 
normal silica brick and from 9 full silcrete roofs: 


Actual Lives Repair, Unit Life 
Roofs Casts Weeks ‘ Casts Weeks 
49 normal 161-45 12-27 7:07 150-8 11-46 


9 silcrete 197-5 14-6 3°35 191-1 14-22 

However, since the cost of silcrete bricks is 90°, 
more than ordinary quality, full roofs are not econo- 
mical. The silcrete bricks are therefore used where 
there is the most wear, 7.e., in strips along the back 
and a little towards each end, and in that way full 
value is obtained. 
Instrumentation 

Particular attention is paid to roof-temperature 
control, and over the last two or three years roof 
pyrometers have been used. There is no doubt that 
their use has paid very well. The instruments are kept 
in good working order and the melting-shop personnel 
now have confidence in them. The furnace crews’ use 
of roof temperature has definitely contributed to the 
increased roof lives. 
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Repair and Maintenance of Open-Hearth Furnaces: 
Hot-Metal Practice 


By S. G. 


FURNACE DESIGN AND OPERATION 


HE Cardiff melting shop has seven open-hearth 
furnaces, as follows: 
A and B: 200-ton, tilting 
C: 240-ton, tilting 
D and E: 100-ton, fixed 
F and G: 250-ton, tilting (see Fig. 1). 

The shop is normally run on a basis of 60-65% hot 
metal, 35-40°% scrap (overall). Basic iron has the 
following analysis: 

Si,% 8,% P,% Mn, % 
0-3-0-:9 0-030-0-060 1-00-1-45 1-2-1:°5 

Present consumption of raw materials per ton of 
steel is: ore 210 lb., limestone 160 lb., lime 50 lb. The 
fuel consumption of the newest furnace designed for 
oil-firing is 25-9 gal./ton. 

Firing is by oil or tar, plus small quantities of 
coke-oven gas. 

The shop produces rimming (44%), semi-killed 
(42°), and killed (14%) grades of steel, with 0-06- 
0-85% of carbon. The annual production is 617,230 
tons and during 1952 the record weekly production 
was 14,933 tons. 


Constructional Details 


The following is an outline of the present design and 
construction of the furnaces. 

A, B, and C—These furnaces retain the design of 
gas-fired furnaces with a gas uptake (area 15 sq. ft.) 
and a gas port projecting through the intermediate 
port, which is of the Friedrich removable type, water- 
cooled on the nose. The two air uptakes have a total 
area of 60 sq. ft., the hearth area is 649-6 sq. ft., and 
the depth is 3 ft. 4 in. There are two slag pockets. 

D and E—Until recently, both were designed as 
box-type furnaces, 7.e., with one straight roof extend- 
ing from end wall to end wall, and uptakes at each 
‘corner,’ there being no port block. However, the 
fuel consumption was too high and D furnace is now 
built on the conventional American lines. It has two 
air uptakes (total area 64 sq. ft.) and single slag 
pockets. # furnace has one uptake (area 48 sq. ft.) 
and slight ramps. It was at one time an all-basic 
furnace, but it now has a suspended silica roof. The 
division wall between the checkers has been cut down 
to checker height, the chamber being covered by a 
23-ft. span firebrick arch. D furnace has a similar 
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arch, but the division wall has been replaced by 
checkerwork. The hearth area of each furnace is 
514-2 sq. ft. and the depth is 3 ft. 

F and G—These furnaces have been modified for 
oil-firing and have box-type ends, complete with 
doghouse which does not project into the inter- 
mediate port. Each furnace has a hearth area of 
658 sq. ft., the depth of which is 3 ft. 7 in., and there 
are two slag pockets. 

With the exception of # furnace, the main, slope, 
and port roofs are of sprung-arch construction with 
15 x 6 in. and 15 x 9 in. bonded silica or supersilica 
bricks. The flue system of all the furnaces retains the 
division of gas and air sides. 


Instrumentation 

All furnaces are equipped with instruments that 
record and indicate steam, liquid-fuel, coke-oven-gas 
and air flows, checker temperatures, and roof pressure. 
Liquid-fuel and furnace pressure are controlled 
manually, the latter being set at a predetermined 
figure with a connection to the automatic damper in 
the flue system. On F furnace the stroke of this 
damper is connected to the waste-heat boiler fan 
rheostat to ensure a still more stable pressure. Roof- 
temperature pyrometers are installed on the two 
fixed furnaces but are not connected to the fuel supply 
system. 

Immersion pyrometry has beneficial effects on fuel 
economy and furnace condition by the avoidance of 
excessive bath temperatures. The normal tapping 
temperature is 1570-1600° C. 


FURNACE AVAILABILITY 


The availability of the shop over the last three years 
has been 87°, which is equal to the continuous pro- 






Sill level 


level 


Fig. 1—Longitudinal cross-section through a 250-ton 
tilting furnace 
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duction of six out of the seven furnaces. It is hoped 
to increase these figures to 93% and 6} respectively 
in the near future. 

Maintenance is one of the most important factors 
affecting furnace availability. The better and longer 
the furnace is maintained the shorter becomes the 
general repair time. However, if longer campaigns 
give less production there may be a loss; maintenance 
is bound up with the economics of running the plant, 
since the total yearly output—plus costs—determines 
its efficiency. 

Scheduling of Repairs—A three-monthly repair 
programme is laid down so that only one furnace is 
off at one time. This means that occasionally a furnace 
is taken off before the brickwork is completely 
exhausted. Maintenance work on other furnaces (for 
example, the changing of intermediate ports) is carried 
out before a furnace goes out for general repair so 
that there is no interruption of rebuilding operations. 

As there is no separate crew for hot repairs, a very 
close watch must be kept on the repair schedules. 
All furnaces have a thorough daily inspection, and 
the condition of the brickwork is carefully noted. A 
complete history is kept of each furnace and this gives 
a good idea of what will be required when a furnace 
is taken off for a general repair. 

Bonded Roofs—With the changeover from ringed 
to bonded roofs, the campaign life is longer and roof 
collapses are very infrequent. Bonding and bedding 
roof brickwork takes upwards of one shift longer, 
compared with a dry ringed roof, but very little roof 
patching is now necessary and the roofs are able to 
last for the scheduled time. 

To help the furnaces to retain their shape, channels 
are arranged in five rows longitudinally across the 
roof and are bolted down and fastened to the furnace 
structure. That is most important with tilting fur- 
naces, because, if one part of the roof has worn thin, 
the weight of the thick brickwork will be taken by 
the thin portion when the furnace is tilted. If a 
roof has to be patched these channels are raised and 
taken out of the way of the bricklayers. 

Basic Bricks—Basic bricks are used for front and 
back linings, wing and side walls, and uptakes to 
charging-floor level. This has resulted in faster 
rebuilds and more production hours per campaign; 
little or no patching is required at the ends. There 
is, however, some doubt whether basic bricks are 
economical, not because of their price, but because 
their high conductivity may affect the furnace 
efficiency. 

Water-Cooling—The furnaces are fed by a 24-in. 
main from a tank of 175-ft. head. To ensure maximum 
flexibility 8-in. connections are taken from both sides, 
forming a ring main over the furnace. The water 
pressure at the furnace is 25 lb./sq. in. Connections 
from this main are 1-in. and 1}-in. bore to doors and 
chills, three 1}-in. and one 1}-in. bore to front and 
back w.ug walls respectively, four 1}-in. bore front 
lining pipes in each pillar, and two 1}-in. pipes to 
each of the top and bottom furnace chills. 

The intermediate ports are fed from a 4-in. connec- 
tion of the 8-in. ring main. From this are taken ten 
l-in. gas port pipes (B and C) and two 2-in. connec- 
tions to each of the chills. The return water from 
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these feeds accumulates in two boshes where it is 
fed via a filter bottle to the return main. Water con- 
sumption in the shop is 9000 gal./min. 

B.R.I. Gun—This is handled by a crew of two and 
has been used for maintenance inside the furnace, 
especially for projecting cementing material high on 
the backwall under the skewback channel. Daily 
applications have prevented a back-lining patch, with 
a consequent delay to a furnace rebuild. 

Blowing of Checkers—To prevent clogging, a four- 
man crew is employed on day shifts for blowing 
checkers with a 20-ft. long, #-in. dia. lance with 
compressed air at 90 Ib./sq. in. 

Raising the Bearer Arches—The distance between 
the floor of the flues and the bearer arches has been 
increased from 3 ft. 4 in. to 4 ft. 4 in. to deal with 
the deposits which, removed from the checkerwork, 
might retard furnace performance. The removal of 
flue dust at a rebuild has also been speeded up as 
there is now more space in which to work. 

Furnace Repairs 

Three categories of rebuild are employed: 

(1) A general repair including roof, linings, and walls, 
uptakes, removing slag, and top courses of checker- 
work. Duration: 7 days from fuel off to lighting 
warming gas pipes ’ 

(2) A general repair, as (1) plus complete checkers, 
Duration: 9 days from fuel off to lighting warming gas 
pipes 

(3) A quick roof repair—upstairs work involved. 
Duration: 3 days from fuel off to fuel on. This is 
carried out only in cases of necessity as the deteriora- 
tion of downstair locations precedes the life of the 
second roof. 

When a furnace is taken off for a general repair 
there is much preparatory work to be done by the 
labouring gang. As much assistance as possible is 
given by mechanical aids. 

As soon as the oil is off, the doors, chills, and inter- 
mediate ports are removed. Within 12 hr. of fuel 
off the roof is dropped into the hearth, using a special 
hook suspended by overhead crane. The furnace is 
tilted and bricks are deposited on the valve house 
floor via the slag notches. This debris is later picked 
up by tractor shovels and loaded into wagons in the 
valve house or into dumper cars. 

Bricklayers or a labouring gang then start cutting 
out linings and uptakes if necessary, bricks falling 
into slag pockets beneath, after which the bricklayers 
start rebuilding upstairs, first the linings and then the 
roof. Bricks are sorted where they will not interfere 
with the work of the labouring gang. Finally, a 
labouring gang opens up the slag pockets, removing 
rubble and drilling holes for explosive charges. The 
resultant slag lumps are removed with the assistance 
of the pitside cranes and the pockets are cleared with 
tractor shovels. 

Manpower and Incentives 

The total mason force in the shop is 65 bricklayers 
and 85 helpers. Of these, five masons and 20 helpers 
are employed on day work, rebricking steel ladles, 
doors, chutes, etc. Allowing for sickness and holidays, 
there remain 18-20 masons and 20-22 helpers per shift 
for 19 shifts during the week. Two shift charge hands 
are appointed, one for supervising rebuilds and the 
other on maintenance work. Supervision is by a 
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foreman and a charge-hand mason on day work, 
responsible to the superintendent of masons, who 
controls all masons so that extra men can be drafted 
to expedite a repair. There is no separate crew for 
hot repairs. 

The works’ labouring force is called upon for all 
preparatory work, such as cutting down and general 
brick and slag removal. 

A weekly incentive bonus is paid to all masons and 
helpers. This means that they have a financial interest 
in the speed of all rebuilds and repairs necessitating 
fuel off. The bonus is based on the weekly pro- 
duction hours of all furnaces. Below 920 hr., which is 
equivalent to 54 furnaces, no bonus is paid. The 
bonus increases as the hours of furnace availability 
increase until, with the equivalent of seven furnaces 
in constant production for the week, the incentive 
payment is ls. per hour. 

The incentive for the labouring gang is based on 
the hours that elapse from fuel off to: (1) Removal 
of roof bricks from hearth, (2) completion of cutting 
out uptakes, (3) entry into slag pockets. 

On a general repair that did not include any work 
on checkers or uptakes, a total of 1113 mason-hours, 
1430 helper-hours, and 3161 navvy-hours were 
recorded from ‘ fuel off’ to ‘ gas pipes lit,’ 7.e., 8 hr. 
15 min. 

Slag Removal 

Clearance of the slag and preparation of the slag- 
pocket area for the bricklayers are items which have a 
great effect on repair times. Of 3161 navvy-hours 
expended on one general repair, 1877 were required for 
the slag pockets. Explosives are used for breaking up 
the large lumps of slag into an easily handled form, and 
mechanical aids then assist the labourers to remove 
the slag from the slag pockets and also small debris 
and brickwork from the uptake. 

To allow the full use of mechanical aids, the slag 
pockets, the wickets on the regenerators, and the 
checker-chamber dams on the valve-house side have 
been enlarged. 


The use of silica generator chamber arches instead 
of firebrick has resulted in longer life and less need 
for replacements. A further speeding up of furnace 
repairs has been effected by adopting ‘ sand ’ floor and 
wall to ensure a greater efficiency in the use of 
explosives. 

To summarize, the removal of all slag and bricks 
from the site should be carried out by tractor shovels, 
dumper cars, and mobile cranes, instead of by wheel- 
barrows, wagons, and human hands. 


Bricklaying and Palletization 


Brick handling and storage is being reorganized so 
as to reduce the number of times a brick is touched 
by hand from seven to one before its delivery to the 
bricklayers. Once a bricklayer has started to work, an 
ample supply of material is provided for him close at 
hand. Mechanical aids and palletization are used to 
maintain the supply of materials to the bricklayers. 
The bricks are loaded straight from the wagon to the 
pallet and the pallets are brought right up to where 
the men are at work. There is no handling and the 
edges are not chipped. From that point of view alone 
palletization has paid for itself. Lining bricks are 
moved by roller conveyors into the furnace. 


Brick Elevator 

A brick elevator conveys bricks speedily from the 
valve house floor to masons working in positions 
inaccessible by fork-lift trucks, for example, re- 
generator-chamber arches; it also delivers bricks direct 
to the furnace without recourse to crane power by 
projecting through the slag notches. 


Warming Up 

Coke-oven or blast-furnace gas pipes are used for 
warming up, the roof temperature being raised to 
400° C. within 12 hr. Liquid fuel is then introduced 
and the furnace reaches top heat 24 hr. later. Charging 
commences after a further 2—4 hr. fettling. The time 
from ‘ pipes on’ to ‘ commencement of first charge’ 
is 40 hr. 





Discussion on the Papers— 


COLD-METAL PRACTICE* 


HOT-METAL 


Mr. J. E. Pluck introduced the paper on cold-metal 
practice and Mr. §. G. Williams introduced the paper on 
hot-metal practice. 

Mr. R. A. M. Wright (Stewarts and Lloyds, Ltd., 
Corby): Corby melting shop comprises two 100-ton tar 
and coke-oven-gas-fired furnaces, charging an average 
of 140 tons. As in all other melting shops, the fact that 
we are hard pressed for steel is, in some measure, the 
impetus for maximum furnace availability and for speedy 
repairs. 

The normal method of tackling a repair at Corby is 
as follows: The general condition of the furnace at the 
previous rebuild gives a fairly accurate assessment of 
the extent of the next repair and of the number and 


* See pp. 59-63. t See pp. 64-66. 
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variety of bricks required. The bricks are loaded in 
pallets before the furnace is due to go down and are 
stacked at strategic points. Minimum requirements of 
fluorspar, scale, and dolomite are stocked on the floor 
to work the last heat. As soon as the taphole is dried 
up, the air valves are split and the control damper is 
raised to its maximum height. The water-cooled doors 
are taken off as soon as possible and, during summer, 
cooling fans are placed at Nos. 1 and 5 doors. 

About an hour after the tar is shut off, the roof is 
dropped by cutting a series of holes 15 in. out from the 
back skewback at 5-6-ft. intervals and attaching a wire 
rope sling, threaded through two holes at a time, to the 
pitside crane auxiliary hoist. The average time to drop 
the roof is 1} hr., and the record time so far is 25 min. 
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The skewback channels are then examined and, where 
necessary, are changed. Meanwhile, the roof centre 
brackets are suspended from the roof binders. Roof 
debris left in the bath facilitates the setting of the light- 
alloy roof centre. The setting of centres and covering 
with lagging is completed in 3-5 hr. Bricks are laid 
4} hr. after tar off. 

The clearing of the bath and the laying of roof bricks 
proceed simultaneously. The debris is discharged 
through a hole in the stage, fitted with a chute, direct 
into trucks operating on valve-pit floor level or into 
boxes placed immediately in front of the doors. The 
men wear protective clothing and work in relays. 

The breasts are levelled off and frontwall piers are 
rebuilt from outside to within 8-12 in. of skewback, and 
piecing-up is completed after the centres have been 
struck. Thereafter, as soon as the centres and laggings 
are cleared, the coke-oven-gas flares are lit and the 
doors are hung. 

Normally, a drive is made on the furnace proper; the 
end below floor level that requires the least repair is 
worked at first, then the furnace is tarred, and, while 
firing from the opposite end, the repairs are completed. 
Often the furnace is tarred before the bricklayers have 
finished on the firing end. 

The following timings are typical for a top repair: 


Days Hr. Min. 
Tar off to coke-oven-gas flaresin 1 10 15 
bath 
Tar off to coke-oven gas in 1 18 
burners 
Tar off to tar on 1 19 10 
Tap to tap 2 16 10 


At first it would appear that there is a departure from 
the heating-up schedule favoured by brickmakers, with 
a consequent risk of spalling. However, no such trouble 
has been experienced. 

Complementary to these moderately quick repair 
times is the use of light-alloy roof centres suspended on 
steel hangers, appendant to the binders. Timber centres 
were useless and it was not uncommon to see the laggings 
smouldering when piecing into the old ramps. 

The flares comprise a length of 4-in. tube let into the 
coke-oven-gas orifice on the face of the burner, which, 
in turn, is fitted into a short slow elbow tube and then 
on to another length of 4-in. tube perforated at 1-ft. 
intervals. Short, controllable, candle-like flames are 
obtained horizontally along the length of the bath. 

By controlling the coke-oven-gas input and operating 
the control damper, the roof temperature is gradually 
brought up to 600°C., by which time practically full 
expansion has taken place, as indicated by markers along 
the roof. 

Immediately after tarring, the control damper is 
raised to its maximum height and every effort is made 
to raise the checker temperature to 650° C., as recorded 
at the short regenerator flues. Meanwhile, the banks are 
fettled. The furnace pressure is increased and very soon 
the furnace is ready to charge. 

A general repair includes the following items: 


(1) Complete new roof ramps and air uptake arches 
(2) Taking out old bottom, rebricking, and— 
(3) Ramming in new bottom 
(4) New frontwall monkey and wingwalls 
(5) New doghouses 
(6) Air uptakes and bulkheads relined 
(7) West-end chamber arch rebuilt 
(8) New checkers 
(9) Slag pockets and flue system cleaned out 
(10) 31 dene ‘ate up schedule on special super-duty 


(11) 24- a soaking at roof temperature of 1640° C. 
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Typical Timings 


Days Hr. Min, 
Tar off to coke-oven-gas flares 7 8 10 
in bath 
Tar off to coke-oven gas in 8 10 
burner 
Tar off to tar on 8 15 30 
Tap to tap 10 8 20 


When a general repair was required on A furnace, a 
time graph was prepared, with the intention of working 
to it or departing from it, as conditions and progress 
dictated. The target was 9 days, and the object was to 
reduce man-hours without sacrificing repair time. How- 
ever, the roof gave out 5 days before the date of the 
planned shutdown. The general repair included all the 
items mentioned above and, in addition, both chamber 
arches and the installation of a rammed bottom 85% 
MgO. The time from tar off to coke-oven-gas flares 
in the bath was 6 days, 20 hr. 30 min., and the brick- 


layers completed repairs 24 hr. earlier. 
Final timings were: 
Days Hr. Min. 
Tar off to coke-oven-gas flaresin 6 20 30 
bath 
Tar off to coke-oven gas in 7 10 
burner 
Tar off to tar on 7 12 20 
Tap to tap* 9 6 30 


* Including 24-hr. soaking at 1630° C., slagging, 
and chilling. 


The extent of an ordinary general repair is as follows: 


(1) New roof and ramps 

(2) New frontwall 

3) Doghouses, monkey and wingwalls repaired 
Jack arches repaired 

New checkers 

Runners and flues cleaned out 

Slag pockets cleaned out 

Taphole cut out and relined 
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Typical Timings 
Days Hr. Min, 


Tar off to coke-oven-gas flaresin 3 17 15 
bath 

Tar off to coke-oven gas in 4 4 15 
burner 

Tar off to tar on 4 11 30 

Tap to tap 5 15 55 


Coke-oven gas flares were lit at 5.15 p.m., 7/8/51. 
Bricklayers completed repairs at 4 a.m., 8/8/51. 
The following is the extent of an ordinary general 

repair, without renewal of checkers: 
(1) New roof ramps and air-uptake arches 
(2) New frontwall 
(3) Doghouses repaired 
(4) Air uptakes repaired and sprayed 
(5) Air-uptake bulkheads rebuilt 
(6) Checkers dollied and blown out 
(7) Regenerator runners and flue system cleaned out 
(8) Taphole cut out and relined 
(9) Slag pockets cleaned out 


Typical Timings 


Days Hr. Min. 
Tar off to coke-oven-gas flaresin 3 5 40 
bath 
Tar off to coke-oven gas in 3 14 
burner 
Tar off to tar on 3 16 30 
Tap to tap 4 16 20 


The Corby furnaces have been in operation for three 
years. These repair times were not achieved at first; 
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improvement has been progressive, resulting from 
modifications to design and practice. For example, at 
first the clearing of the slag pockets required more time 
than the furnace repairs, in spite of using a blaster. To 
avoid a recurrence of this, dry ramps were built in the 
slag pockets, covered over with 2-in. bars, and insulated 
with old bricks and sand. By inserting a 30-ft. x 10-in. 
square bloom across a fulcrum under the slag, it is 
easily prised up and removed, so that the slag pockets 
can be cleaned out in about 12 hr. Basie ends were 
built to give a more friable slag, which is easily removed. 
Checkers were changed from 9 x 4$ x 2} in., giving 
6}-in. flues, to 134 x 6 x 3 in., giving 10-in. flues. The 
iatter give at least 18 months’ service and are easily 
kept clean. On the last campaign, A furnace gave 1111 
heats, with a net production total of 137,500 tons. On 
the last day of the campaign it gave 17 heats, of 2200 
tons. The draught was fairly constant. 

Frontwalls are constructed in ferro-clad chrome- 
magnesite on the outer face. In effect, they are built 
and then forgotten; no petty repairs are done and there 
is no parging. That also applies to port-end bulkheads 
and target areas. 

Doghouses were originally constructed in silica with 
a chrome face, but were modified to obviate premature 
failure and difficulty in hot patching. Steel formers are 
now tack-welded in position; to these, 2-in. studs are 
welded spirally and a 4}-in. chrome-magnesite wall is 
run up, leaving a 9-in. gap that is filled in with plastic 
magnesite, 5% fondu, and then roughly covered over. 
A water-cooling hairpin pipe is fitted along each side 
and one course, ferro-clad on top. 

Regenerator and slag-pocket arches were originally 
constructed in 14-in. silica; they did not stand up to 
temperature differentials, and slag-pocket arch failures 
were common. These arches are now constructed in 
40/42 Al,O, firebrick, and after 400 heats are still perfect. 

A chrome-magnesite strip was inserted on the roof 
along the backwall 4 ft. out from the taphole and stepped 
back to 1 ft. above the monkeywalls. Blank 2-in. tubes 
were laid along the sloping backwall 18 in. below the 
toe of the skewback. A compressed-air pipe running 
outside the casing, provided with }-in. lateral connec- 
tions, permits the input of a little compressed air. 
Results were very encouraging and we are pursuing this 
further. No chemical reaction was apparent between 
chrome-magnesite and silica bricks. 

In many cases it is impossible to adopt our method of 
slag removal, owing to the location of building columns; 
that is a point for designers to consider. 


Mr. A. Jackson (Appleby-Frodingham Steel Co.) : 
These papers contain a number of points which will be 
useful to all who are concerned with melting-shop 
operation. In the main I propose to confine my remarks 
to Mr. Williams’ paper because I think that he can give 
a good deal more information from his recent experiences 
than he has put down on paper. 

His shop, at one time a mixed-gas-fired shop, has 
recently been converted chiefly to oil-firing. Can he give 
any idea of the difference in availability between a 
mixed-gas-fired furnace and a fully oil-fired furnace? 
With an oil-fired furnace it may be possible to reduce 
the brickwork very considerably in the block ends. In 
altering some of his furnaces down below to a single 
slag-pocket design, he has taken out the middle dividing 
wall, usually 3-4 ft. thick, and has therefore provided 
much more slag-pocket capacity. The resulting slag 
will be much thinner and should be much more easily 
extracted. That should raise considerably the availability 
of the oil-fired furnaces. 
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At neither of the authors’ works, nor, as far as I could 
follow it, at Corby, did anyone actually prepare for 
taking the slag out before the furnace was ‘off gas.’ 
I think there is a reluctance to do so for fear of what 
might happen in the uptakes and in the furnace itself, 
but it would be interesting to know whether it has been 
tried. 

Recently, at Appleby-Frodingham preparations have 
been made to take slag out 8 hr. before gas off. The 
bottoms of the slag-pocket dams are dismantled, and 
the false walls and sand are raked out as far as possible 
until gas off. The draught, so far, has not been 
impaired. At this point the top dams of the slag pockets 
can be knocked in, and slag extraction with a large lever 
bar can begin almost immediately. The results have not 
been spectacular, but 80—90 tons of slag 4 ft. thick have 
been removed in three days from gas off. The furnace 
cooled more quickly, there was little trouble with the 
updraught in the uptakes, and the labourers worked 
without undue inconvenience. However, some improve- 
ment is required in the removal of slag from mixed-gas- 
fired furnaces or where two slag pockets are necessary, 
if furnace availability is to be increased. 

The above-mentioned furnace had been on for 21 
weeks, but no slag had been removed during that period. 
At Appleby-Frodingham slag is not removed until after 
about 20-22 weeks. In that instance, after 21 weeks 
about 40-45 tons of slag were removed from each air 
slag pocket and 20-30 tons from each gas slag pocket. 
It would be interesting to have some information on the 
difference in weight of slag in silica uptake furnaces and 
basic uptake furnaces. In oil-fired furnaces, basic ends 
are possible at the top of the air uptakes; that is not 
altogether practicable in gas-fired furnaces as dripping 
from the basic bricks on to the silica gas-port arch causes 
extensive local cutting, and it is not easy to complete the 
full campaign nor to get the full life out of basic-brick 
uptakes. 

In Mr. Williams’ Fig. 1 the uptakes appear to be set 
over both the slag pockets. I understand from the paper 
that all his tilting furnaces have not been converted to 
single slag pockets with oil-firing. Are there any par- 
ticular reasons why that is so? Looking at the bottom 
of the uptakes and the way they are set on the arches, 
I wondered whether any undue strain on the air slag- 
pocket arch causes it to push and peak and whether that 
gives any trouble. 

There should be some consistent idea among steel- 
makers on the meaning of availability. In our plant we 
talk of ‘furnace capacity worked,’ that is, the number 
of hours for which the furnace is producing steel, divided 
by the total number of hours in a year for which it could 
be making steel (excluding the holiday period); the result 
is expressed as a percentage. Heating-up time is excluded 
from the time the furnace is making steel but is included 
in the total hours in the year. Any time that the furnace 
has been off through shortage of materials is also included 
in the total hours for the year, and this can cause wide 
yearly fluctuations. How does the author’s 87% availa- 
bility, quoted over three years, compare with that 
definition? I had the impression that he is now expecting 
93% availability. On working that out for myself I 
thought that he expected his furnace to be off for 7 days 
in every 14 weeks, with 40 hr. for warming up the 
furnace; that is another 2% off the availability and brings 
the figure down to 91% by our method of calculation. 
Is that correct? 

At Appleby-Frodingham it is considered that the 
recovery of bricks can result in important economy. 
Over ten years, an average of 25,000 bricks and about 
10 tons of magnesite or chrome-magnesite, which is 
eventually ground up, has been recovered from each 


SEPTEMBER, 1953 





a ee ae 


a, B&B © we hee 


;I could 
pare for 
off gas.’ 
of what 
xe itself, 
nas been 


ns have 
& The 
led, and 
possible 
ot been 
pockets 
rge lever 
have not 
ick have 
, furnace 
with the 

worked 
mprove- 
xed-gas- 
scessary, 


1 for 21 
t period. 
itil after 
1 weeks 
each air 
- pocket. 
yn on the 
aces and 
sic ends 
ut is not 
dripping 
=h causes 
plete the 
sic-brick 


to be set 
he paper 
verted to 
any par- 
> bottom 
e arches, 
air slag- 
ther that 


ng steel- 
plant we 
> number 
|, divided 
1 it could 
she result 
excluded 
included 
e furnace 
included 
use wide 
% availa- 
ith that 
>xpecting 
myself I 
or 7 days 
x up the 
nd brings 
Iculation. 


that the 
economy. 
nd about 
which is 
rom each 


BER, 1953 





DISCUSSION ON OPEN-HEARTH REPAIR AND MAINTENANCE 69 


general repair, giving an important credit to the cost 
of the repair. This material is saved on site, and the 
bricks are at once available for the following rebuild. 
No traffic and little crane handling is required to put 
them back into position, and the equivalent of loading 
and moving ten wagon loads of bricks is saved. 

What improvements in productivity has Mr. Williams 
secured by using mechanical handling devices and open- 
ing up the steelwork round the checkers and the slag 
pockets? I should like, if possible, to know the rate of 
bricklaying four or five years ago and the present rate 
with conveyors, palletization, and easier access to 
checkers and slag pockets. 


Mr. §. G. Williams: The Cardiff melting shop changed 
from mixed-gas and producer-gas to liquid-fuel firing in 
1946. Three furnaces are still designed essentially for 
gas firing and could use producer gas at short notice. 
The other furnaces have been modified for oil firing and 
are provided with single slag pockets. These furnaces 
use cold coke-oven gas when necessary. 

Repairs to roof, linings, and uptakes are usually well 
advanced before repairing the slag pocket and regenera- 
tors. Slag can be moved more easily and quickly from 
the single slag pocket and there is no division wall to 
repair. It is not our practice to remove the slag before 
a repair—this was carried out on one occasion only with 
an all-basic furnace. I have no information on the 
relative weights of slag, between silica and basic uptake 
furnaces, but slag from the latter is more friable and 
easily removed. 

Figures for furnace availability are based on actual 
production time and do not include the warming-up 
period. Direct comparison of furnace availability between 
a mixed-gas- and an oil-fired furnace is not practicable 
owing to additional changes in design and operation 
during the transitional period. 

During the next year it is hoped to reduce the repair 
time to a maximum of seven days, which will give a 
furnace availability of 93%. The present rate of brick- 
laying is 80 bricks per hour, compared with 65 bricks 
per hour four years ago. 

Before 1947 it was not possible to keep more than five 
furnaces in production, but the introduction of mechani- 
cal aids has undoubtedly been an important factor in 
enabling us to maintain the equivalent of six furnaces 
in continual operation for 50 weeks of the year. 


Mr. J. E. Pluck: We are not good and we can improve 
tremendously. I have tried to give a paper on the present 
conditions in a normal shop. We can introduce big 
improvements in a number of ways. In spite of this 
we have increased the output in the one shop from 
500,000 to 750,000 tons per annum in the last 15 years. 
The weight of slag in all-basic furnaces would be 20% 
less than in silica furnaces. In our case the walls of the 
slag chamber were silica and there was silica sand in the 
bottom. The basic material is easier to move. It is easier 
to remove the slag from a single slag pocket than from 
a double. The absence of the middle wall increases the 
area available for slag, therefore the thickness is reduced 
and the removal is made easier. 

On the question of availability of furnaces, we are now 
trying to work out a scheme to increase our availability. 
The figures which I gave this morning show that the 
availability is not good but there are many features 
which limit it. 

I note that Mr. Jackson recovers about 25,000 bricks 
on a general repair. We recover about 20,000 on our 
furnaces, and these are cleaned up on the site to be used 
again. Although this practice is economical since these 
bricks have not to be bought and moved to the site, 
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they are in the way when doing a repair. It would speed 
up the repair if the recovered material could be taken 
away and cleaned and brought back again. Broken 
chrome-magnesite material is used for jointing, and 
broken silica bricks are crushed; with gas-fired furnaces 
this latter material is used for repairing the gas ports, 
but there is no place for it on oil-fuel furnaces. 

The figure of 80 bricks per hour for our bricklayers is 
an average, over the whole year. I am very happy to 
hear that at Appleby-Frodingham they reach a figure 
of 180 per hour. Our figures can be improved by the 
application of new methods and equipment. The quanti- 
ties of bricks laid are from the last twenty repairs carried 
out. 

If we had an easy method of drilling we could make 
better use of explosives. 

In my paper I did not refer to one of our furnaces 
which has a single uptake. This may have features that 
enable it to be repaired more quickly than an ordinary 
furnace. It might seem that the only way to build such 
a furnace was to use some form of suspended walls, but 
it was, in fact, built with arch construction, Mr. Tom 
Scanlon, our bricklayer foreman, being an expert in this 
field. The top ring of the slag arch is cut back to take 
a skewback, and the whole of the uptake to the top is 
held in arches in this manner. We are still experimenting. 
A definite improvement in roof life (one record of 300 
casts) and a better rate of output has been obtained. 
The pattern of wear is different. Up to the present time 
repairs have not been speeded up but we hope to obtain 
information from this shape of furnace to help combustion 
and to develop longer roof life, which will give increased 
availability. : 


Mr. G. R. Bashforth (Round Oak Steel Works, Ltd.): 
The speed with which repairs can be done is very largely 
dependent upon the type of melting-shop layout. That 
the average furnace availability in Britain is much less 
than in America is no doubt due to the fact that manv 
British plants have old-fashioned layouts in which a 
high degree of mechanization in dismantling and recon- 
structing the furnaces is not possible. Where the layout 
does permit the use of mechanical aids, however, a 
furnace availability approaching American figures is 
being obtained. 

Perhaps the first factor to be considered is the type 
of refractories employed, since the correct choice will 
undoubtedly prolong the furnace life. To some extent 
this selection will depend on local conditions and 
practice. 

Mr. Pluck refers to Scotch blocks. How many of these 
blocks are installed during each furnace campaign, and 
how long does it take to instal a Scotch block? We have 
found that a Scotch block will give a life of 2-6 weeks 
and that it takes 2}-6 hr. to instal, depending on the 
degree of fettling of the port that is necessary before the 
block is inserted. 

Mr. Wright referred to handling silica roofs in a manner 
which would not be advocated by the makers of silica 
bricks. There is ample evidence that the Americans 
bring their furnace up to top temperature much more 
auickly than is the custom in British works. This feature 
may be connected with the quality of the silica bricks 
available, but perhaps the most important factor is to 
assure that a temperature rise of 12° C./hr. is not exceeded 
between 200° and 300°C. There should then be no 
further danger. When a roof has been replaced in 14-2 
days, we have sometimes found, on the insertion of a 
thermocouple in the roof, that as soon as the furnace 
was finished and boxed up, the roof was at 350° C. or 
more, so that there was no further danger of spalling. 
Perhaps the speed of repairs in America and the conse- 
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quent lower heat losses may be associated with the 
ability to bring the furnaces up more quickly. 


Mr. J. E. Pluck: The best type of refractory to suit the 
conditions must be used, not necessarily the correct type, 
because we can only find that out as we go along. Scotch 
blocks are used only on our producer-gas-fired furnaces 
in the 7-65-ton-furnace shop. On the acid furnaces the 
original brick blocks last 6-8 weeks, depending on the 
rate of production, and the Scotch blocks 2-4 weeks. 
The time taken to put in a block is 3-6 hr. depending 
on the temperature of the furnace and whether there is 
much old material to be removed. We try to arrange that 
Scotch blocks are not put in until the Saturday afternoon 
shut-down. Building Scotch blocks during the week 
means losing production time. 

With basic furnaces the first blocks are built in basic 
brick, and they last anything from 8 to 12 or 13 weeks. 
The block originally put in sometimes outlasts the roof. 
If not, we build Scotch blocks as in the acid furnaces, 
but using a 6-in. foundation of chrome paste with the 
mass of 3 or 4 tons of silica on top. 

Roofs could be heated up more quickly than is the 
usual practice, provided that no up or down jumps occur 
during the schedule. American roof lives are usually 
poorer than ours; therefore their practice cannot be good. 


Mr. R. W. Evans (Steel Company of Wales, Ltd.): It 
would be of interest to imagine the reactions of an 
American visitor at this meeting who had read the 
papers and who had seen what is being done. 

With regard to Mr. Pluck’s paper, the steelmaking 
industry in Britain owes a great deal of gratitude for 
the pioneer work that has been done at Templeborough. 
An American visitor, however, would possibly know 
nothing about that, and would say to himself: ‘‘ Here is 
a shop with 14 furnaces, and 11 are worked.” That is 
approximately a 78% availability, and a quick calcula- 
tion will show that a 90% availability—-which the average 
American would not consider high—would produce 
another 100,000 tons of steel per year. He would there- 
fore ask why a shop with 14 furnaces could not average 
90% availability and bring the average number of 
furnaces working up to 12-6. 

Many plants have not the raw materials for full-speed 
production for any length of time, but an American 
visitor might want to know what was the availability 
when there was no shortage of raw materials, or, if in, 
say, a month’s time plenty of raw materials were avail- 
able, what would be the availability of the plant? As 
has been suggested, one of the answers lies in the layout 
of the shop. Our experience of (a) overhead charging 
and (b) ground-type chargers, which make possible the 
use of overhead cranes without interfering with charging, 
shows that the stage railway system of charging is a 
great asset in the fast repair of furnaces. Does Mr. Pluck 
consider that this is one of the big factors in achieving 
fast furnace repairs? 


He has two melting shops. Has he one squad of brick- 
layers that he can concentrate on one furnace in either 
of those shops completely, so that he can work out a 
programme to concentrate the whole force of bricklayers 
on one furnace, or does he divide them between the two 
shops? Has his works employed any system of incentive 
payments as an aid to fast bricklaying? 


Mr. J. E. Pluck: This question of furnace availability 
is a very real problem at Steel Peech and Tozer. We 
know that for 11 out of 14 furnaces it is 78-57%. There 
is always one furnace down for a foundation reconstruc- 
tion, and at the present time each one in turn is being 
converted from 80 to 100 tons tapping capacity. 

In America the plants have everything that we at 
8.P.T. have not; plenty of room, hot-metal charging, 
separate stripping bay, loop railways on stage allowing 
the repairing furnace to be independent, and adequate 
charging facilities. In many shops a bulldozer can move 
anywhere in the pit side and the valve pit side, and from 
one side to the other, and they have 50-60-ton wagons 
against our 12 tonners. 

To improve our shop requires the moving of a village 
at one side and a main-line railway and a river at the 
other side. To charge 13 furnaces out of 14 requires a 
wider and stronger stage with loop-line railways, a new 
supplementary stockyard alongside the existing main 
stockyard, a new stripper bay, an addition to the casting- 
car bay, an entire rearrangement of the carting bay for 
liquid slag removal, and some alteration to the main 
shop columns to improve solid slag removal. Such a 
project would cost £2 to £3 million. 

Incentive bonuses are paid to 95% of our bricklayers 
and dismantlers, but the systems are old and could be 
improved. 

For a repair using the same number of bricks we would 
take the same man hours as the U.S.A. but they would 
have four times the men, and complete it in a quarter 
of the time. 


CORRESPONDENCE 


Mr. H. G. Jones (Steel Company of Wales, Ltd.) wrote: 
Has Mr. Pluck taken, or does he propose to take, any 
steps to preserve the shape of the roof when using super- 
duty silica bricks? There are a number of possible 
procedures which, while not economic with an ordinary 
silica crown, might be profitable and indeed necessary 
if any advantage is to be gained from super-duty silica 
bricks. 


Mr. J. E. Pluck, in reply: We have not taken any 
special precautions to take care of roofs constructed with 
super-duty silica material and we have nothing definite 
in view. No roofs are built complete, but the super-duty 
bricks are placed in all the places of highest wear—usually 
along the back. Any special equipment does not seem 
economical when many people obtain 200-300 casts from 
one silica roof. 
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ANNOUNCEMENTS AND NEWS OF SCIENCE AND INDUSTRY 








THE IRON AND STEEL INSTITUTE 
Special Meeting in the Netherlands 


Arrangements have been made to hold a Special 
Meeting of The Iron and Steel Institute in The Nether- 
lands, from Wednesday, 30th September, to Wednesday, 
7th October, 1958. A Reception Committee and a 
Ladies’ Committee have been formed to make the 
arrangements in The Netherlands: Mr. A. H. Ingen 
Housz, of the Royal Netherlands Iron and Steel Works, 
Ltd., has kindly consented to be Chairman of the 
Reception Committee, and Mrs. Ingen Housz has kindly 
agreed to be Chairman of the Ladies’ Committee. 


Programme 
The Meeting will be divided into two Sections: 
Section A 
Thursday, 1st Oct. (Amsterdam) 


Morning: Visit to one of the following (Ladies may take 
part in Excursion 4 only): 

Excursion 1—Werkspoor (Engineering Works). 

Excursion 2—Amsterdamsche Droogdok Maatschap- 
pij (Ship Repair Yard and Dry Docks). 

Excursion 3—Nederlandsche Doken Scheepsbouw- 
maatschappij (Shipbuilding and Repair Yard). 

Excursion 4—Asscher’s Diamond Industry (Dia- 
mond Cutting and Polishing). 

Afternoon: Official Welcome and Technical Session in 
the Grand Hotel Krasnapolsky. 

Evening: Reception and Buffet Supper at the Stedelijk 
Museum, by invitation of the Lord Mayor of 
Amsterdam. 

Friday, 2nd Oct. (Ijmuiden) 

All day: Members will visit the Royal Netherlands 
Iron and Steel Works, Ltd.; Ladies will visit 
Alkmaar Cheese Market. 

Evening: Social evening with Buffet Supper and 
Dancing, at the Grand Hotel Krasnapolsky, Amster- 
dam, by invitation of the Reception Committee. 


Saturday, 3rd Oct. (Utrecht) 

In the morning, Members will visit the Royal 
Netherlands (‘‘ Demka’’) Steelworks. Ladies will have 
the morning free in Amsterdam. 

Members and Ladies will have the afternoon and 
evening free in Amsterdam. 


Sunday, 4th Oct. (Amsterdam) 
During the afternoon, Members and Ladies may 
visit Volendam and Marken. 
SEcTIon B 


Monday, 5th Oct. (Delft) 
Morning: Visit to one of the following Laboratories 
(available to Members only): 
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(a) National Testing Institute. 


(0) Technical University: General Metallurgical 
Laboratory. 

(c) Technical University: X-Ray and Metallographic 
Laboratories. 

(d) Technical University: Water Research Labora- 
tories. 


Ladies will spend the morning at Delft and Aalsmeer, 
where they will visit the flower market. 

In the afternoon, Members and Ladies will visit 
The Hague and Lisse. 

In the evening there will be a Reception, Buffet 
Supper and Dancing at the Carlton Restaurant, 
Amsterdam. 


Tuesday, 6th Oct. (Rotterdam) 

Morning: Members and Ladies will travel by train to 
Rotterdam, where they will visit Rotterdam Docks 
by boat, and travel by river to Alblasserdam. 

Afternoon: Members will visit either: Nederlandsche 
Kabel Fabrik (Steelworks: continuous billet and rod 
mills); or Rotterdam Dry Dock Co. (Shipbuilding 
and repair yards). Ladies will visit Schoonhoven 
and Gouda. 

Evening: Dinner at the Atlanta Hotel, Rotterdam. 
Members and Ladies will then be able to either: 
(a) Return to the United Kingdom wia Hook of 

Holland night-service; 
(b) Return to Amsterdam by train; 
or (c) Stay the night 6th-7th October either at the 
Atlanta Hotel, Rotterdam, or at the Terminus 
Hotel, The Hague. 


Technical Session 


No special papers are being published for presentation 
at the Meeting. The Technical Session at the Grand 
Hotel Krasnapolsky on the afternoon of Thursday, 
lst October, will be devoted to a technical review of the 
Iron and Steel Industry in The Netherlands, followed 
by a number of technical films. 


Autumn General Meeting, 1953 


'@ The Autumn General Meeting of The Iron and Steel 
Institute will be held at 4 Grosvenor Gardens, London, 
S.W.1, on Wednesday and Thursday, 25th and 26th 
November, 1953. 

For the main part of the meeting it is proposed to 
hold a Symposium on Sinter. About twelve papers are 
being presented for discussion. Some have been pub- 
lished in the June and August issues of the Journal. 
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The remainder will appear in the October and November 
issues. 

The sessions will probably be divided into three groups 
dealing with (a) theoretical aspects, (b) assessment 
trials, and (c) the use of high sinter burdens. 

A further session of the meeting will be devoted to 
the discussion of papers on heat flow in O.H. furnaces 
and on transformations in steels. 


NEWS OF MEMBERS 


> Professor H. F. ANTELO has been appointed Head of 
the Inspection Department of Crisoldinié E.N., Buenos 
Aires, Argentina. 

> Mr. A. BrackBuRN and Mr. F. E. Parr have been 
appointed Directors of the Whitehead Iron and Steel 
Co., Ltd., Newport, Mon. 

> Mr. J. C. BLADE has been awarded the degree of Ph.D. 
of Durham University, and has taken up an appointment 
with the Tin Research Institute. 





Editorial assistant required. A metallurgical or mech- 
anical background desirable, but applicants with training 
in other branches of science or technology would be 
considered. Details of education, experience and age 
to:—The Editor, Journal of The Iron and Steel Institute, 
4 Grosvenor Gardens, London, S,W.1. 











> Mr. D. A. Brown has been awarded the degree of 
B.A. of the University of Cambridge. 

> Mr. J. E. L. Cockry has retired from the London 
Office of Thomas Firth and John Brown, Ltd., after 
nearly 44 years’ service with the John Brown Group. 
> Mr. C. W. Cumser, of Richard Thomas and Baldwins, 
Ltd., is leaving the U.K. for South Africa, where he will 
take up an appointment with Baldwins (South Africa) 
Ltd., Johannesburg. 

> Mr. E. Grecory has left the Massachusetts Institute 
of Technology, and has returned to the U.K. 

> Mr. J. E. Honcare has received an assignment from 
the United Nations to act as a Technical Adviser on 
Iron and Steel to the Jugoslavian Government in 
Belgrade. 

> Mr. O. W. Humpsreys has been appointed a Director 
of the General Electric Company, Ltd. 

> Mr. A. Hunter has left the Workington Iron and 
Steel Co., to join the Division of Atomic Energy, Ministry 
of Supply, at Warrington. 

> Mr. J. H. Jotty has retired from the Chairmanship 
of Guest Keen and Nettlefolds, Ltd. He will continue 
as a Director of the Company. 

> Mr. P. S. Matuur has left Messrs. Hochofenwerk 
Liibeck A.G., Germany, to become Assistant Manager 
Trainee in the Blast-Furnace Department of Royal 
Dutch Blastfurnaces and Steelworks, Ltd., Ijmuiden, 
Holland. 

> Mr. H. J. Mercuant has been appointed Works 
Manager of the Australian Forge and Engineering Pty., 
Ltd., Lidcombe, N.S.W. 

> Mr. J. H. Patm has relinquished his position as Chief 
of the Laboratories of N.V. Valvefa, to take up an 
appointment with Van Leer’s Vatenfabrieken N.V., 
Amsterdam. 

> Mr. P. K. Pavt has been appointed Technical Manager 
of the National Iron and Steel Co., Ltd., Belur (Howrah), 
India. 

> Mr. J. A. Prace has left the Sheffield Laboratories of 
the British Iron and Steel Research Association, to 
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join the Research Department of British Nylon Spinners, 
Ltd., Pontypool. 

> Mr. J. D. SuHarp has been awarded the degree of B.A. 
of Cambridge University. 

> Mr. M. D. SmirH has been awarded the degree of 
Master of Metallurgy of the University of Sheffield. 

> Mr. B. C. WoopFtnE has been awarded the degree of 
Ph.D. of Sheffield University. 


Obituary 


Captain S. T. Brysteap, of Putney Hill, London, 
S.W.15, on 3lst March, 1953. 

Mr. C. L. Fry, of Thomas W. Ward, Ltd., Sheffield, 
during 1952. 

Mr. A. SMELLIE, of the Otago Iron Rolling Mills Co., 
Ltd., Dunedin, New Zealand. 

Mr. C. H. Wricut, of Redcar, Yorks., on 4th March, 
1953. 


CONTRIBUTORS TO THE JOURNAL 


A. G. H. Coombs, B.Sc., Ph.D.—Research Engineer 
in the Department of Development and Research, Tube 
Investments, Ltd. 

Dr. Coombs was born at Wedmore, Somerset, in 1924, 
and was educated at Elmhurst County School, Street. 
In 1942 he was awarded a State Bursary and a County 
Senior Scholarship to the University of Bristol, where he 
graduated with Ist Class Honours in Mechanical Engi- 
neering. In 1945 he joined the Fire Research Division 
of the Department of Scientific and Industrial Research, 
and a year later took up an appointment in the Plant 
Engineering Division of the British Iron and Steel 
Research Association, where he was engaged on material- 
handling studies in steelworks. 

In 1948 Dr. Coombs took up a pupilage under the 
Chief Mechanical Engineer, British Railways (London 
Midland Region), at the Carriage and Wagon Works, 
Wolverton. In the following year he was awarded a 
post-graduate studentship in Mechanical Engineering 
at Nottingham University, and in 1950 he took up his 
studies at the University. He was awarded the degree 
of Ph.D. in 1952, for research on the fatigue of metals, 
and in the same year took up his present appointment. 


A. Grieve, B.Sc.(Met.)—Scientific Officer at the 
B.I.8S.R.A. Blast-Furnace Research Laboratory, Imperial 
College of Science and Technology. 

Mr. Grieve was born in 1927, and was educated at 
Whitgift Middle School, Croydon, and at University 
College, Cardiff. He graduated with Ist Class Honours 
in Metallurgy in 1948, and in the same year joined the 
Iron Making Division of the British Iron and Steel 
Research Association. 





A. G. H. Coombs 


A. Grieve 
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E. Griffiths A. K. Mohamed 


Ezer Griffiths, O0.B.E., D.Sc., F.Inst.P., Hon.M.Inst.R., 
F.R.S.—On the staff of the Physics Division, National 
Physical Laboratory. 

Dr. Griffiths was born at Aberdare in 1888. He 
received his technical education at the University of 
Wales, where he was awarded a Fellowship. During this 
time he carried out research on the magnetic properties 
of manganese steels, and on the thermal capacity of 
metals at low temperatures. He joined the staff of the 
National Physical Laboratory in 1914, and is due to 
retire this year. 

Dr. Griffiths’ main interests have been in the fields of 
thermal measurement and refrigeration, and he directed 
the work of the Thermal Treatment Sub-Committee of 
B.I.S.R.A., which has been published in book form under 
the title “‘ Physical constants of some commercial steels 
at elevated temperatures.” He has been President of 
the Institute of Refrigeration, and in 1951 he was elected 
President of the Institut International du Froid. He is 
the author of about 100 papers. 


A. K. Mohamed, B.Sc., M.Eng.—Research Assistant 
in the Department of Civil and Mechanical Engineering, 
University of Nottingham. 

Mr. Mohamed received his technical education at 
Fouad University, Giza, Egypt, and graduated with 
Honours in Mechanical Engineering in 1947. He was 
then appointed Demonstrator in the Faculty of Engi- 
neering of the University until, in 1948, he was awarded 
a scholarship of Ibrahim University, Cairo, for post- 
graduate study in England. He joined the Department 
of Applied Science, Sheffield University, and two years 
later was awarded the degree of M.Eng. He took up his 
present appointment in the same year, and is now 
engaged on research into spherical impact. 


IRON AND STEEL ENGINEERS GROUP 


The Iron and Steel Engineers Group will hold a joint 
meeting with the Sheffield Society of Engineers and 
Metallurgists on Monday, 19th October, 1958. The meet- 
ing will be held in the Mappin Hall, University Building, 
Sheffield, and will be devoted to the presentation and 
discussion of a paper by Mr. F. H. Towler entitled 
“Control Valves for Direct Hydraulic Presses and the 
Application of the System to a 1000-ton Forging Press.” 

A joint meeting of the Institution of Structural 
Engineers, the British Iron and Steel Research Associa- 
tion, and the Iron and Steel Engineers Group of The Iron 
and Steel Institute will be held in the Lecture Hall of 
the Institute of Structural Engineers, on Thursday, 
22nd October, 1958. The subject for discussion will be: 
“ The Design of Gantry Girders,”’ by J.S. Terrington and 
J. M. Hawkes. Advance copies of this paper will be 
available from the Secretary, The Institution of Struc- 
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tural Engineers, 11 Upper Belgrave Street, London, 
S.W.1. 

The Twenty-Third Meeting of the Iron and Steel 
Engineers Group will be held at 4 Grosvenor Gardens, 
London, S.W.1, on Wednesday, 28th October, 1953. Two 
papers will be presented for discussion: ‘‘ Roll Design 
Research as Applied to Rolling Mill Development,” by 
B. Robinson and W. A. Lugar; and “ Manipulating 
Equipment, Guides, Guards and Strippers for Rolling 
Mills,” by W. Bailey. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


7th Junior Steelmaking Conference 


The 7th Junior Steelmaking Conference was held at 
Ashorne Hill, on 24th and 25th June, 1953. Mr. W. Geary 
(Appleby-Frodingham Steel Co.) was in the Chair, and 
Mr. R. Johnson (Appleby-Frodingham Steel Co.) and 
Mr. J. G. Wilson (John Lysaght’s Scunthorpe Works, 
Ltd.) acted as Session Chairmen. Three papers were 
presented for discussion: “‘ Future Trends in Steelmaking 
Practice,” by A. I. Aitken and A. H. Leckie; ‘‘ Control 
of Steel Quality During Deoxidation and Casting,” by 
G. R. Bashforth; and ‘“‘ Speeding Up of Open-Hearth 
Furnace Repairs,” by 8S. G. Williams. During the 
discussion of the first paper particular attention was paid 
to the future of the tilting furnace, the development of 
the Bessemer process for the production of wrought steel, 
and the prospects of using up to 60% of molten iron in 
large (100-ton) are furnaces. 

During the afternoon of the second day, members 
visited the Round Oak Steel Works, Ltd., Brierley Hill. 


North East Coast Laboratories 


At an Open Day, held on 15th July, 1953, visitors 
were able to see some of the experimental work being 
undertaken by the Ironmaking Division at the Labora- 
tories in Normanby, Middlesbrough. 

With ore preparation and the working of the blast- 
furnace as the main investigations, research teams use 
the Laboratories as headquarters for servicing field 
trials, particularly at the experimental plants for 
pelletizing and sintering at the Redcar Works of Dorman 
Long and Co., Ltd. 

Details of the facilities available for research work and 
descriptions of this and other outstations of the Associa- 
tion will be given at intervals in later issues of the 
Journal. 


AFFILIATED LOCAL SOCIETIES 
North Wales Metallurgical Society 
The list of officers for the session 1953—54 is as follows: 
Chairman 
E. TayLor-AUSTIN 


Vice-Chairman 
R. L. WiLLotr 


Treasurer 
S. ANDREW 
Secretary 

S. WEIR 


Asst. Secretary 
J. Bevis Epwarps 


Committee 
C. H. Bacon G. MILLINGTON 
H. Epwarps A. D. OSBORNE 
M. Hatz J. T. Scorr 
H. H. Jonnson J. Tru 
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NEWS OF SCIENCE AND INDUSTRY 


Birmingham Metallurgical Society 

The Birmingham Metallurgical Society will hold its 
Jubilee meeting on 21st October, 1953, at the Grand 
Hotel, Birmingham. Papers reviewing progress during 
the last fifty years in the non-ferrous and ferrous indus- 
tries, in metallurgical education, and in the under- 
standing of metals will be given, and the speakers will 
be Dr. M. Cook, Dr. J. W. Jenkin, Dr. T. Wright, and 
Dr. N. P. Allen. 


Welding Research 

At the Annual General Meeting of the British Welding 
Research Association, held at the Laboratories at 
Abington Hall on 16th July, 1953, members were able 
to see practical demonstrations of the research work in 
progress. These clearly showed that, although much of 
the work was fundamental, there is no lack of apprecia- 
tion by the Association of the importance of directly 
applying to industry the results of investigations into 
welding processes and the behaviour under load of 
various welded constructions. At luncheon Sir William 
Larke, K.B.E., and Dr. H. J. Gough referred to the 
origins of the Association—the Symposium on Welding 
organized by The Iron and Steel Institute in 1935— 
whilst Dr. H. G. Taylor reviewed the work of the 


Association. 


Conference on Welded Structures 


A Conference on Welded Structures, sponsored jointly 
by the Institution of Civil Engineers, the Institution of 
Structural Engineers, and the Ministry of Works, with 
the support of the Admiralty, is to be held in London 
at the end of November, 1953. 

Papers will be concerned with the design and fabrica- 
tion of single-storey and multi-storey framed buildings, 
bridges, ship-building and dock construction, and with 
other welded structures. 

Further details may be obtained from the Secretary 
of the Organizing Committee, Conference on Welded 
Structures, c/o The Institution of Civil Engineers, Gt. 
George Street, London, S.W.1. 


Blast-Furnace Gas Cleaning Facilities at Donora 


S. P. Kinney Engineers, Inc., of Carnegie, Pa., have 
prepared a brochure describing the new blast-furnace 
gas cleaning facilities at the United States Steel Corpora- 
tion works at Donora, Pennsylvania. Copies of this 
publication may be obtained on application to S. P. 
Kinney Engineers Inc., 201 Second Avenue, Carnegie, 
Pa., U.S.A. 


European Steel Industry and the Wide-Strip Mill 


The Industry Division of the United Nations Economic 
Commission for Europe has issued the first of a series 
of studies planned as a detailed follow-up of their general 
report, “‘ Zuropean Steel Trends in the Setting of the 
World Market,” published in 1949. The study, entitled 
‘** The European Steel Industry and the Wide-Strip Mill: 
A Study of Production and Consumption Trends in Flat 
Products,” reviews the implications of recent develop- 
ments in the industry, and is obtainable from H.M.S.O., 


price 7s. 6d. 
Changes of Name and Address 


Sm W. G. ARMSTRONG WHITWORTH AND Co. (IRon- 
FOUNDERS) Lrp. will in future be known as Armstrong 
Whitworth (Metal Industries) Ltd. 
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The WoopatLt-DuckHAM VERTICAL RETORT AND OVEN 
ConsTRUCTION ComPANy (1920), Lrp., will in future be 
known as the Woodall-Duckham Construction Company, 
Ltd. 

Messrs. HONEYWELL-BROWN Lrtp. have opened a new 
factory on the Newhouse Industrial Estate at Mother- 
well, Lanarkshire. 

The address of the Glasgow Office of W1iLp-BARFIELD 
Exectric FurNAcEs, Lrp., is now 147 Bath Street, 
Glasgow, C.2. (Tel. Douglas 8839). 

The British StanDarRpDs InstTrTuTION has moved to 
new premises at British Standards House, 2 Park Street, 
London, W.1. (Tel. Mayfair 9000.) 

The Moror Inpustry RESEARCH ASSOCIATION has 
removed to Lindley, Nr. Nuneaton, Warwickshire. 


DIARY 


2nd-9th Sept.—Britisn ASSOCIATION FOR THE ADVANCE: 
MENT OF Scor—ENCE—115th Annual Meeting—Liver- 
pool. 

8rd-17th Sept.—19th Engineering, Marine and Weld- 
ing Exhibition and Chemical Plant Exhibition 
—Olympia, London. 

7th-11th Sept.—Instrrution or CHEMICAL ENGINEERS— 
Chemical Engineering Conference and Chemical 
Plant Exhibition—London. 

7th-llth Sept.—Socrzr&t pes INGéNIEURS CIVILS DE 
FranceE—Conference of Representatives of the 
Engineering Societies of Western Europe and the 
United States of America—Paris. 

13th-15th Sept.—GermMan CeRAMIO AssocriaTION—An- 
nual Meeting and Main Meeting—Baden-Baden. 

18th-25th Sept.—InstruMEnt Society or AMERICA—Ist 
International Instrument Congress and Exposition— 
Philadelphia. 

14th-24th Sept.—INTERNATIONAL UNION OF PURE AND 
APPLIED Puysics—Colloquium on Fundamental 
Physical Theory—Kyoto, Japan. 

17th Sept.—SrarrorpDsHiIRE IRON AND STEEL INSTITUTE 
—Visit to Stewarts and Lloyds, Ltd., Corby. 

21st-25th Sept.—Instrrute or Merats—Autumn Meet- 
ing—Southport. 

80th Sept.-7th Oct.—Tue Iron anp Street InstiruTE— 
Special Meeting in The Netherlands. 








TRANSLATION SERVICE 

(The previous announcement was made in the August, 

1953, issue of the Journal, p. 390). 

TRANSLATIONS AVAILABLE 

No. 472 (German). G. Baumann: ‘“‘ Modern Disintegrator 
Gas-Cleaning.” (Stahl und Eisen, 1953, vol. 73, 
Apr. 9, pp. 492-494). 

No. 473 (German). G. SENGFELDER: ‘‘ New Results on 
the Pelletizing of Iron-Ore Concentrates.” 
(Stahl und Hisen, 1952, vol. 72, Dec. 4, pp. 
1577-1579). 

TRANSLATIONS IN COURSE OF PREPARATION 
(Polish). Z. Wusatowski and A. Wosryzax: ‘“ Metal 
Flow during the Rolling of Asymmetrical 
Sections.” (Prace Instytutu Metallurgii, 1952, 
vol. 4, No. 2, pp. 99-108). 

J. Gorecki: “‘ Mean Coefficient of Linear 
Elongation during Rolling.” (Hutnik (Kato- 
wice), 1952, vol. 19, No. 6, pp. 197-201). 

CHARGES FOR CoPIEs OF TRANSLATIONS—The charge 
for translations is £1 for the first copy and 10s. for each 
additional copy of the same translation. Requests 
should be accompanied by a remittance. These transla- 
tions are not available on loan from the Joint Library. 


(Polish). 
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MINERAL RESOURCES 


Geological Ideas on the Ore Deposits of Luxembourg. M. 
Steffes. (Rev. Ind. Min., 1953, 34, Jan. 31, 69-73). The 
geological evolution of Luxembourg and the position of ore 
deposits are discussed. There are six distinct ore layers of 
different colour formed by successive encroachments of the 
sea. Iron content varies between 20 and 33°%.—a. a. 

The Manganese Ore Mineral Occurrences of Hungary. 
8. Koch and G. Grasselly. (Acta Mineralogica, Ostrographica, 
Szeged University, 1951, 5, 1-14). [In English]. 

The North African Bituminous Coal Reserves. C. Hahne. 
(Glackauf, 1953, 89, May 9, 454-459). 


ORES—MINING AND TREATMENT 


The Magnetic Reflux Classifier. L.A. Roe. (Min. Eng., 
1953, 5, Mar., 312-315). This classifier utilizes the combined 
effects of magnetic fields and a hindered settling classifier; 
it is a new device for determining quantity and quality of 
middlings in fine-sized magnetite — Results are 
given for a typical taconite ore.—k. E. 

A Practical Application of Ore Sizing. "W. R. Kerr. (Amer. 
Inst. Min. Met. Eng., Blast Furn. Raw Mat. Comm. Proc., 
1952, 11, 229-241). An account is given of the effect on the 
performance of a blast-furnace at the Fontana works of the 
Kaiser Steel Corp. when a complete change of burden was 
necessary. The furnace was blown-in and run for several 
years on imported ore and then a change to a local ore (dense 
magnetite) was made. At first the coke rate increased, iron 
production decreased and the furnace operation became very 
erratic. Crushing trials were carried out to try and overcome 
these difficulties. The best results were finally obtained when 
the ore was crushed to — 1 in. + jin. and the — in. 
material was sintered.—B. G. B. 

Installations for Enrichment of Ores in Heavy Suspensions. 
S. G. Evsiovich. (Gornyi Zhurnal, 1952, No. 12, 19-24). 
{In Russian]. A survey of plant and equipment used for 
beneficiation of iron, manganese, chromium, and other ores 
by heavy-media separation is given.—v. G. 

A Process for the Recovery of Manganese from Ores. T. A. 
Hendrickson. (Quarterly Colorado School of Mines, 1952, 47, 
Jan., 21-43). The author suggests a process for recovering 
manganese from ores which resist beneficiation by present-day 


75 
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ore-dressing technology. The method consists of transforming 
the manganese from the original mineralogical form to the 
water-soluble chloride form by heating in an atmosphere of 
dry chlorine gas. The soluble manganese chloride is leached 
with water, precipitated from solution as manganese hydroxide 
and sintered to Mng Ox, the final product, assaying more than 
60% manganese. (12 references).—w. D. J. B. 

Economic Influences on Ore Preparation Technique and an 
Economic Study of Mining. M.R. Duval. (Rev. Ind. Min., 
19538, 34, Feb., 151-165). A study of formulae governing the 
price of ores indicates that the criteria of maximum concen- 
tration or maximum efficiency may not correspond to the 
optimum conditions giving maximum profit. The value of 
a mine in relation to various factors is discussed with examples 
showing the advantages of graphical methods for the economic 
study of mining.—a. G. 

Sampling and Testing of Sinter. KR. L. Stephenson and 
D. J. Carney. (Min. Eng., 1953, 5, Mar., 309-311). A new 
technique procures a sinter sample representative of the 
whole bed depth, by using an open-bottom basket riding on 
the grate. Tests show that sinter strength can be better 
assessed by tumbler than shatter methods: they are more 
severe, and initial particle size has less effect on the result. 

A Greenawalt Sintering Plant. J. A. Poll. (Amer. Inst. 
Min. Met. Eng., Blast Furn. Raw Mat. Comm. Proc., 1952, 
11, 214-228). The design and operation of a Greenawalt 
plant which is sintering — 20 mesh magnetite concentrates 
is described.—B. G. B. 


FUEL—PREPARATION, PROPERTIES, AND USES 


Ignition and Combustion of Solid Fuels. J. Roberts. (Coke 
Gas, 1953, 15, Apr., 133-134, 139). The development by the 
author of apparatus designed to measure ignition temperatures 
and combustible properties of solid fuels is described. Details 
of a similar apparatus used by other workers are given and 
comments made on the test procedure used by them.—sJ. Mck. 

Nature of the Coal Dust Flame. P. O. Veh. (Radex 
Rundschau, 1951, No. 4, July, 121-141). The processes 
occurring in a coal dust flame are examined and explained, 
and factors of importance are quantitatively defined. The 
space of the flame is shown to be occupied by superimposed 
static fields which are in continuous interaction. The 
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dynamics of the combustion process are elucidated and 
principles are formulated to permit operation of coal dust 
fired furnaces at maximum efficiency.—£. c. 

Some Aspects of the Numerical Solutions of Problems of 
Heat and Mass Transfer. M. R. Slack. (Sheffield University 
Fuel Society J., 1953, 4, 17-22). The relaxation solution and 
step by step methods of numerical integration are explained. 
The aspects considered include treatment of variable 
diffusivity, various boundary conditions, and methods of 
ensuring the accuracy and stability of the solutions.— 
D. L. C. P. 

The Work and Organization of an Industrial Fuel Depart- 
ment. F. A. Gray. (J. Inst. Fuel, 1953, 25, May, 436-438). 
This is a descriptive survey, based on experience in the iron 
and steel industry, which considers staffing and scope of the 
work of a fuel department.—p. L. c. P. 

Coal Testing. J. M. Gonder. (Canad. Min. Met. Bull., 
1953, 46, Feb., 87-89). The coal testing methods employed 
at a central laboratory are described. These include deter- 
minations of ash, sulphur, volatile matter, ash fusion tem- 
perature, heating value, free swelling index and ultimate 
analysis. An expansion test and distillation test are also 
described.—s. McK. 

Coal Preparation Policy: Some Future Trends. FI. F. Ridley 
and W. J. Charlton. (Iron Coal Trades Rev., 1953, 166, 
Feb. 13, 359-361). The authors review the field of coal 
preparation in relation to mining conditions and national coal 
consumption during the next 15 years, particularly from the 
aspect of economical exploitation of coal reserves and avoid- 
ance of waste in treatment and utilisation.—c. F. 

The Influence of Pulp Temperature on the Froth Flotation 
of Four British Fine Coals. R. Bailey and P. F. Whelan. 
(J. Inst. Fuel, 1953, 25, Jan., 304-307). An account is given 
of a laboratory investigation in which the influence of pulp 
temperature was found to be important in the froth flotation 
of fine coals, using creosote/cresylic acid mixture as frother. 
Best results were obtained between 25° and 30° C.—D. L. C. P. 

The Tromp Heavy-Media Washing Process. J. Griffen. 
(Amer. Inst. Min. Met. Eng., Blast Furn. Raw Mat. Comm. 
Proc., 1952, 11, 178-189). A description is given of the 
operation of the Tromp heavy-media process for washing 
coal. The medium used to effect the separation .consists of 
ground magnetite or other iron-bearing material (spathic iron, 
mill scale) suspended as a pulp in water. A very sharp 
separation of impurities is a feature of the process.—B. G. B. 

Overall Efficiency of Coal Washing. J. D. Price. (Amer. 
Inst. Min. Met. Eng., Blast Furn. Raw Mat. Comm. Proc., 
1952, 11, 190-201). The cost of blast-furnace operation 
decreases with decrease in the ash content of the coke, but 
the cost of coal washing increases with the degree of reduction 
of the ash content of the coking coal. The author discusses 
the cost of coal washing and of blast-furnace operation and 
shows in a series of tables and graphs that there is an 
optimum ash content that cannot be exceeded or reduced 
without entailing an increased fuel cost. At the Colorado 
Fuel and Iron Corp., California, this is about 10%.—B. G. B. 

Coal Blending Plant at a Steel Works. (Engineer, 1953, 
195, Apr. 10, 525-526). The Robins-Messiter bedding system 
at the coal blending plant at the new Shotton works of John 
Summers and Sons, Ltd., is described.—s. McK. 

Coals and the Manufacture of Coke; Research and Recent 
Trends. S. I. Evans. (Sheffield University Fuel Society J., 
1953, 4, 47-52). An account is given of the laboratory and 
large-scale investigations which have been carried out in an 
attempt to conserve coking coals. The most up-to-date 
theories on coke formation are outlined and industrial 
practices of blending, and thermal pre-treatment, are 
described. A sounder scientific background is called for. 

Gas Coals for Diluting High-Quality Coal Blends. M. 
Czyzewski, F. Byrtus, and Z. Kling. (Prace Instytutu Metal- 
urgit, 1952, 4, 6, 405-421). [In Polish]. The literature on 
down-grading coal charges for coking is surveyed. The 
blends investigated were composed of coking coals enriched 
by good coking coal and down-graded by gas coal. The 
suitability of these blends for coking was investigated by the 
observations of the yields of water, tar, and gas. Laboratory 
and pilot plant coking experiments were made. The results 
showed that some coking coals can be used in blends but 
only in amounts not exceeding 10% of the charge. Coals 
yielding large quantities of tar at the end of the plastic 
period are the best for blending purposes.—v. G. 
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The Value of Test Ovens in a Program of Coal and Coke 
Research. C. L. Potter. (Amer. Inst. Min. Met. Eng., 
Blast Furn. Raw Mat. Comm. Proc., 1952, 11, 159-177). 
The use of three types of test oven (Bethlehem, Kappers 
moving wall, and Illinois types) to evaluate the coking 
properties of coals is described. The results obtained have 
proved to be very reliable and to be in close agreement with 
actual coke-oven practice.—B. G. B. 

Some Recent European Improvements in the Field of Coke 
Ovens, Blast Furnaces, Stoves, and Low-Temperature Distil- 
lation. D. Petit. (Amer. Inst. Min. Met. Eng., Blast Furn. 
Raw Mat. Comm. Proc., 1952, 11, 202-213). Free expansion 
coke ovens with silica walls are considered to be very useful 
since they can handle the fluctuating load on a coke-oven 
plant as they are unharmed when shut down intermittently. 
The special construction of stoves in France to give high blast 
temperatures is described. The production of char from 
high volatile coals in a fluidized bed for use in the manufacture 
of coke is reviewed.—8. G. B. 

Coking of Lorraine Coals. M.R.Loison. (Rev. Ind. Min., 
1953, 34, Jan. 15, 32-43). The author discusses new tech- 
niques to reduce the amount of foreign coal necessary to make 
acceptable cokes from Lorraine coals. Methods tested at the 
Carling, Marienau and Thionville works include: (1) Grinding 
with the incorporation of finely ground coke; (2) dry charging 
with semi-coke added; and (3) selective grinding to improve 
the first two techniques. It is hoped to lower the percentage 
of foreign coal from 70 to 30.—a. «a. 

Recovery of Sulphur from Fuel Gases. A. C. Bureau. 
(Coke Gas, 1953, 15, Apr., 135-139). The Balfour-Lecoq 
range of processes for the recovery of byproduct sulphur 
from fuel gases is described. The aim of these processes is 
not complete purification, but an economic recovery of 
sulphur.—s. McK. 

Progress Review No. 21: Metallurgical Cocke. J.P. Graham, 
G. E. Hall, and G. W. Lee. (J. Inst. Fuel, 1953, 25, Jan., 
333-337). Data on the production and consumption of coke 
for metallurgical purposes are given and future trends 
considered. Means of assessing blast-furnace and foundry 
coke quality by small and large scale tests, and working 
specifications are reviewed. The elimination of sulphur is 
mentioned. Alternative processes to the blast furnace are 
described.—D. L. C. P. 

X-ray Examination of Cokes. A. E. Brasler, V. I. Zabavin 
and A. M. Zubko. (Doklady Akademii Nauk S.S.S.R., 1952, 
87, 4, 567-570). [In Russian]. An X-ray examination was 
made of the structure of cokes produced in the temperature 
range 350-1200°C., using strictly monochromatic rays in a 
vacuum. It is concluded that, basically, the coke structure 
is not one of three-dimensional crystals, but consists of blocks 
of parallel networks, which are randomly orientated with 
respect to one another. The growth of the network seems 
to be obtained from carbon liberated during the evolution of 
volatiles.—v. G. 

Method of Measuring the Reactivity of Cokes. M. Pourbaix, 
L. Gottignies, and R. Berger. (Chaleur et Ind., 1953, 34, 
Mar., 70-76). The reaction rate between CO, and closely 
sized coke granules contained in a silica ‘ nacelle’ was 
measured at 950°C. after driving off volatiles in dry oxygen- 
free nitrogen. Results showing the variation of reactivity 
with temperature are given.—a. G. 

The Influence of Prolonged Heating on Cokes. A. Peytavy. 
(Rev. Ind. Min., 1953, 34, Jan. 15, 44-51). After prolonged 
heating at temperatures of the order of 1200°C. the modifica- 
tion of various cokes was studied by physical chemical and 
mechanical tests. Little change was observed in composition 
and mechanical properties. The carbon network becomes 
more ordered and reactivity decreases.—a. G. 

Developments in the Total Gasification of Coal. G. W. C. 
Allan. (Brit. Coal Utilisation Res. Assoc. Monthly Bull., 
1952, 16, Nov., 477-486). The author reviews the techniques 
which are being developed, particularly in the U.S.A., 
Germany and Great Britain, for synthesis gas and fuel gas 
production. In the latter case, the employment of waste 
fuels, two-stage processes, slag-tap, and fluidized beds are 
receiving particular attention. (76 references).—D. L. C. P. 

Sulphur in Residual Fuel Oils. ©. F. Kottcamp. (Amer. 
Inst. Min. Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 
1952, 35, 233-241). The characteristics of residual fuel oils 
depend primarily on the crude oil initially used and the 
refining process to which it is subjected. The author dis- 
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cusses the sulphur content of American crude and residual 
fuels and considers methods of reducing it in residual fuels, 
taking into account the economic factors.—c. F. 


TEMPERATURE MEASUREMENT AND CONTROL 


Temperature Measurement. (Aircraft Prod., 1953, 15, May 
184). The use of single and multi-colour change pigments 
for the determination of temperatures of inaccessible or 
moving parts is described. A table of temperature-colour 
relationships is appended.—a. G. 

Measurement of Surface Temperature. G. G. Thurlow. 
(Brit. Coal Utilisation Res. Assoc. Monthly Bull., 1953, 17, 
Jan. 1-10). This review covers the measurement of surface 
temperatures, by radiation methods, thermocouples and other 
means. The field of application, limitations, and precautions 
are mentioned for variations of each principle. (61 references). 

Progress in Gas Temperature Measurement. R. H. Baulk. 
(Sheffield University Fuel Society J., 1953, 4, 53-58). The 
author considers the meaning of gas temperature and its 
measurement by suction pyrometer and pneumatic means. 
Methods developed for high temperature and high velocity 
gas streams may be of value for industrial furnaces. Finally, 
a total heat meter is described.—». L. Cc. P. 

Measurement of Steel Bath Temperature. R. D. Hindson 
and J. P. Orton. (Amer. Inst. Min. Met. Eng., Proc. Nat. 
O. H. Comm. 35th Conf., 1952, 35, 143-144). The authors 
outline the advantages which have followed since preliminary 
experiments with bath-temperature measurements were 
started early in 1951 at the Steel Company of Canada Ltd. 
The merits of bath-immersion and spoon-immersion couples 
are compared.—«G. F. 

Measurement of Bath Temperatures in the Open Hearth. 
D. J. Carney and J. J. Oravec. (Amer. Inst. Min. Met. Eng., 
Proc. Nat. O. H. Comm. 35th Conf., 1952, 85, 145-151). The 
authors discuss the introduction of bath-immersion pyrometry 
at the Chicago works of United States Steel Co., and describe 
the design of pyrometer finally adopted. The accuracy, 
reproducibility, general reliability and method of using the 
pyrometer are then considered, and finally the advantages 
resulting from the introduction of routine immersion: pyro- 
metry are discussed.—«. F. 

Measurement of Steel Bath Temperature. O. Pearson and 
F. B. Coffman. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. 
Comm. 35th Conf., 1952, 85, 152-161). The authors describe 
the development of the spoon-immersion pyrometer at the 
Gary works of United States Steel Co. This type of pyrometer 
is simpler in design and use than this bath-immersion 
pyrometer, and by application of a simple correction depend- 
ing on the particular conditions, gives a reliable indication of 
the bath temperature. The routine use of the pyrometer is 
described and the benefits derived from its use are discussed. 

Measurement of Open Hearth Bath Temperature. J. R. 
Brady. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. Comm. 
35th Conf., 1952, 35, 162-165). The measurement and control 
of molten steel temperature at the Wisconsin Steel Works is 
carried out by means of the spoon-immersion thermocouple. 
The instrument and its routine use are re described and 
the resulting advantages are Ss 

Methods and Advantages of "Temperature Control. F. H. 
Hohn. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. Comm. 
35th Conf., 1952, 35, 202-210). The author describes the 
development of temperature control methods in the cold- 
metal basic open-hearth steel foundry of Scullin Steel Co. 
The effects of variation in casting temperature on lapping 
and metal penetration in the sand mould are considered, 
and data are presented showing how temperature control has 
reduced the incidence of these defects, in addition to reducing 
fuel consumption and extending refractory life.—e. F. 

Pyrometer Maintenance. (Ceramics, 1953, 5, Mar., 32-35). 
The correct installation and maintenance of electric pyro- 
meters is discussed.—k. C. s. 

ometer Maintenance. L. Walter. (Canad. Metals, 1952, 
15, Nov., 24-26). Two things require attention in pyrometer 
maintenance: (1) A proper scheme for the checking of the 
different instruments; and (2) the personnel to carry out the 
inspections. A brief summary of points to watch in electric 
and millivolt pyrometers is given.—J. C. B. 

Use of an Oscillograph for Recording Conditions During the 
Induction Heating of Steel. G. F. Golovin and B. A. Katanskii. 
(Zavodskaya Laboratoriya, 1950, 16, 7, 886-887). [In Russian]. 
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The use of a small modified milliammeter together with an 
optical lever and a photosensitive, rotating drum for recording 
rapidly changing temperatures is described, and a heating 
curve obtained during the induction-heating of a eutectoid 
steel is shown.—sS. K. 


REFRACTORY MATERIALS 


Quality Control as Applied to Fire Clay and Alumina- 
Diaspore-Fire-Clay Brick. E. B. Hunt and A. R. Lesar. 
(Bull. Amer. Ceram. Soc., 1953, 82, Mar., 74-76). Control 
measures must be applied to all operations to obtain consistent 
results in a quality control programme. Methods employed 
by the A. P. Green Fire Brick Co. for controlling manufacture 
are outlined. BE: GC. S; 

Control System Problems with Semisilica Brick. G. B. 

temmey. (Bull. Amer. Ceram. Soc., 1953, 82, Mar., 70-73). 
The development of a control system for semisilica brick is 
discussed, including oe control tests and improvements 
incorporated in the Seger cone test.—k. ©. Ss. 

Electrical Resistance of Some Refractory Oxides and Their 
Mixtures in the Temperature Range 600° to 1500°C. J. R. 
Hensler and FE. C. Henry. (J. Amer. Ceram. Soc., 1953, 36, 
Mar., 76-83). Measurements of electrical resistance in the 
systems Al,0,-SiO., SiO,-TiO,, Al,O,-Cr,O3, and MgO-NiO 
were made on dry-pressed discs fired to 1500°C. In the 
Al,03-SiO, series the composition with least resistance was 
50% SiO,, 50% Al,O, rhe resistance of Al,O, was increased 
by the addition of small amounts of Cr,03,. An analogous 
effect was obtained in the higher temperature range by small 
additions of NiO to MgO. Addition of SiO,, Al,O, and 
MgO to TiO,, Cr,0,, and NiO, respectively, resulted in a 
dilution effect. The re ee e of Cr,0, was decreased by the 
addition of a little MgO.- Cc. 8. 

Firebricks and the Reheat Test. J. F. Clements. (Trans. 
Brit. Ceram. Soc., 1953, 52, Mar., 117-128). Owing to varia- 
tion between specimens, sensitivity to slight changes in test 
conditions, and inherent differences in shrinkage character- 
istics, the after-contraction test often fails to give a fair 
indication of the quality of a firebrick. The temperature at 
which shrinkage begins (the initial contraction temperature) 
is considered as a basis for an improved test.—k. C. s. 

Use of Free Energy Data in the Construction of Phase 
Diagrams. W. J. Knapp. (J. Amer. Ceram. Soc., 1953, 36, 
Feb., 43-47). A review is given of the use of free energy- 
composition curves in binary systems for determining the 
range of composition over which a phase, or combination of 
phases, is stable at a specified temperature (at constant 
pressure). The method is limited in application since it 
assumes ideal solution behaviour. The examples considered 
were Ca,B,0;—CaSiO, and Al,O,—Cr,03.—e. Cc. s. 

The « = 8 Quartz Transformation. G. Sabatier. (Compt. 
Rend., 1953, 286, Feb. 16, 720-722). A differential thermal 
study has been made of quartz samples of different geological 
origins at slow heating or cooling rates. The transformation 
may be isothermal or not and neither prolonged annealing nor 
a succession of transformations modifies the character of 
transformation in a given sample, which is related to impurities 
in solid solution with the quartz.—a. G. 

The Heat Treatment of Dolomite. I—The ‘ Activity’ of 
Lime and of Magnesia in Relation to Their Temperature of 
Preparation. H. T. S. Britton, S. J. Gregg, and G. W. 
Winsor. (J. Appl. Chem., 1952, 9, Dec., 693-697). Samples 
of calcium carbonate and of magnesium carbonate have been 
calcined for 2 hr. at a succession of fixed temperatures in the 
range 600° to 1400°C. The ‘activity’ of the product— 
assessed by measurements of the rates of dissolution, of 
slaking, and of bulk density—shows a maximum at about 
900° for calcium oxide and at about 700°C. for magnesium 
oxide. A tentative explanation is proposed. 

The Heat Treatment of Dolomite. Il—The ‘ Activity’ of 
Dolime in Relation to Its Temperature of Preparation from 
Dolomite. H. T. S. Britton, 8S. J. Gregg, G. W. Winsor, 
and E.G. J. Willing. (J. Appl. Chem., 1952, 2, Dec., 698-700). 
Samples of dolomite have been calcined for 2 hr. at a succession 
of fixed temperatures in the ranges 600° to 1400° C. The 
‘activity ’ of the product—assessed by measurements of the 
rate of dissolution in water, the rate of slaking, the bulk 
volume and the sedimentation volume in carbon tetrachloride 
—was a maximum after treatment at about 1000° C. An 
explanation is suggested. 
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The Heat Treatment of Dolomite. I1—Precipitation of 
Magnesia from Sea-Water by Calcined Dolomite. H. T. S. 
Britton, 8. J. Gregg, and E. G. J. Willing. (J. Appl. Chem., 
1952, 2, Dec., 701-703). Samples of dolime have been 
prepared by calcining dolomite at a series of temperatures 
between 700° and 1480° C.; they were then slaked at 95°, 
and the slurry added to sea-water to precipitate magnesium 
hydroxide. The rate of fall f of the sludge line in tall 
cylindrical tubes was then observed, and the composition r 
of the precipitate determined (r = CaO/MgO). Both f andr 
vary according to the temperature 7’, of calcination, and both 
have minimum values when 7’, is between 1000° and 1100° C. 


The Effect of the Structure of Chromium Ores on the 
Bursting of Chrome-magnesite Bricks. F. Trojer. (Radex 
Rundschau, 1951, No. 4, July, 160-164). Microscopic 
examination of ore samples and of chrome-magnesite bricks 
is used to show the existence of a close relationship between 
structure and tectonic history of chrome ores and the bursting 
behaviour of bricks made from these. Chemical and 
mineralogical composition of the ores are regarded as 
insignificant.—£. Cc. 

Testing Basic Bricks for their Resistance to Thermal Shock. 
(Radex Rundschau, 1951, No. 2, Mar., 72-74). British, 
Austrian, German, and American testing methods are 
described and compared. The American panel and pre- 
heating test for unfired bricks is considered superior to 
European methods.—z. c. 

Magnesium Silicates and Hydrosilicates. F. Spausta. 
(Radex Rundschau, 1951, No. 3, May, 87-101). The literature 
on the structure and properties of the most important silicates 
and hydrous silicates of magnesium is surveyed. The system 
MgO-SiO, is considered and the behaviour of the hydrous 
silicates on heating is discussed. The synthesis of some of 
these compounds is reviewed in detail. (41 references).—e. c. 

Microhardness Measurements on Crystalline Magnesite. 
H. Tertsch. (Radex Rundschau, 1951, No. 4, July, 142-148). 
An account is given of Vickers microhardness tests carried 
out at the Radentheim Magnesite Works on fine and coarse 
grained crystalline magnesite. The Vickers method is shown 
to be unsuitable for measuring the structural hardness of 
polycrystalline anisotropic materials.—r. c. 

Determination of the State of Porosity of Different Sintered 
Natural Magnesites. H. Schreiner. (Radex Rundschau, 1951, 
No. 4, July, 149-157). A series of samples of iron-rich and 
very pure magnesite were sintered at different temperatures 
and their bulk densities, porosities, specific surface areas, and 
accessible surface areas were determined. Changes occurring 
during sintering were recorded and absorption isotherms were 
calculated. Full experimental details are quoted, and results 
are interpreted and discussed.—z. c. 

Quality Control of Ladle Brick. J. A. Roslund. (Bull. 
Amer. Ceram. Soc., 1953, 82, Mar., 78-79). The production 
of ladle bricks and the steps taken to produce and maintain 
a product of high quality are described.—s. c. s. 

Industrial Use of Refractories. W. P. Howells. (Ceramics, 
1952, 4, July, 213-220). The author discusses furnace design 
and the selection, consumption and application of refractories 
in the production of iron and steel. He includes brief sections 
on the blast-furnace, the cupola, and steel furnace and 
casting-pit refractories.—k. ©. s. 

Carbon, A New Cupola Refractory? P. Provias. (Canad. 
Metals, 1952, 15, Nov., 32-34). This article begins with a 
summary of the advantages and disadvantages of carbon 
used as a refractory material. There follows a comparison 
of its performance in selected parts of a cupola with basic 
brick and monolithic linings in the same positions. Despite 
its disadvantages it is concluded that carbon could be used 
in brick or paste form for the breast, tap hole, trough, slag 
notch, the well and melting zone.—4. c. B. 


Some Present Views of Refractories for Blast-Furnace 
Linings. J. A. Pierce and R. E. Birch. (Amer. Inst. Min. 
Met. Eng., Blast Furn. Raw Mat. Comm. Proc., 1952, 11, 
145-157). The properties and performance of various 
refractory bricks used in blast-furnace linings in the U.S.A. 
are discussed. The necessity of using suitable mortar is 
stressed as mortars may often have a low resistance to carbon 
monoxide or alkali attack. During blowing-in, an extremely 
rapid rise in temperature may occur in the hearth. Brickwork, 
which is normally considered ideal for the lining, may be 
destroyed by spalling.—n. a. B. 


JOURNAL OF THE IRON AND STEEL iNSTITUTE 


New Refractory from Vegetable Source. J. D. Jones. 
(Canad. Metals, 1953, 16, Jan., 22-24). A new refractory 
insulating material (called ‘ Porosil ’) has been produced from 
the ash of the common hull of rice grain. The ash is highly 
siliceous (96-5% SiO.) and contains the silica in the high 
temperature forms tridymite and cristobalite, with almost 
complete absence of quartz. This enables the ash, when 
bonded with lime and water and pressed to shape, to retain 
that shape with high dimensional accuracy even after two 
firings. It can be used to a much higher temperature than 
vermicullite (up to 1650° C. is claimed).—4J. c. B. 


BLAST-FURNACE PRACTICE AND PRODUCTION 
OF PIG IRON 


Don’t Write Off the Blast Furnace. C. E. Agnew. (Steel, 
1953, 182: Mar. 16, 110-134; Mar. 23, 86-92; Mar. 30, 92-107; 
Apr. 6, 146-158). The author criticises the conclusions 
drawn in a recent United Nations report and in several 
patent specifications concerning methods by which oxygenated 
blast could be applied to pig iron production. The report 
holds that the blast-furnace has become obsolete as the most 
economical and satisfactory means for smelting iron ore, and 
advocates the use of a low-shaft furnace and enriched air. 
The patents envisage: (1) The use of oxygen-air in a furnace 
of modified design along with the injection of auxiliary gases; 
(2) simultaneous production of pig iron and synthesis gas; 
and (3) oxygen-enriched blast in conjunction with high top 
pressure. The author argues that the suggestions contradict 
operating experience, upset the balance of reactions and 
thermal values achieved by established practice, and take 
too little account of reactions other than iron oxide reduction. 
He suggests that advantage can best be obtained by decreasing 
the natural air blowing rate below the ideal, and enriching 
with oxygen to retain the maximum possible stock travel rate. 
Adjustment for variations in the thermal requirements of raw 
materials may be a suitable field of application.—b. L. C. P. 


Operating with Leone’s Differential Pressure Control at 
Neville Island Blast Furnace. L. W. Adams, jun. (Amer. 
Inst. Min. Met. Eng., Blast Furn. Raw Mat. Comm. Proc., 
1952, 11, 24-40). The method described involves the 
maintenance of a constant pressure drop across the furnace. 
The top pressure is controlled by a butterfly valve inserted 
in the gas main after the primary gas washer, and the blast 
pressure by bleeding wind from the cold blast main or 
regulating the speed of the blower. A considerable improve- 
ment in the smoothness of operation has been obtained together 
with a decrease in flue dust losses and an increase in the iron 
output. The maximum effect of this method of control is 
obtained when the top pressure is above 60 inches.—B. G. B. 


Experience with Conditioned Blast at the Woodward Iron 
Company. H. A. Byrns. (Amer. Inst. Min. Met. Eng., Blast 
Furn. Raw Mat. Comm. Proc., 1952, 11, 41-49). The results 
obtained when operating blast-furnaces on an air blast of 
constant humidity (3 grains/cu. ft.) are described and com- 
pared with those obtained on the same furnaces with variable 
humidity. An increase in the iron output and decrease in the 
coke rate, together with smoother operation of the furnace, 
occurred when a constant humidity was maintained.—B. G. B. 

Multiple Correlation of Blast-Furnace Variables. R. V. 
Flint. (Amer. Inst. Min. Met. Eng., Blast Furn. Raw Mat. 
Comm. Proc., 1952, 11, 49-73). The mathematical principles 
involved in the statistical treatment of blast-furnace data 
by the technique of multiple correlation are explained. Several 
worked examples are given.—B. G. B. 

Self-Fluxing Sinter. J. Poast. (Amer. Inst. Min. Met. 
Eng., Blast Furn. Raw Mat. Comm. Proc., 1952, 11, 101-110). 
The production and use of self-fluxing sinter made from Lake 
Superior hematite ore (7:5-12-5% SiOg, traces, of CaO and 
MgO) by addition of limestone to give an acid/base ratio of 
1: 1 is described. Excessive production of fines is the main 
obstacle which has to be overcome. The results obtained 
when using of the sinter in the blast furnace were inconclusive. 
—B. G. B. 

Distribution of Manganese between Slag and Metal under 
Reducing Conditions. J. Stukel and J. Cocubinsky. 
(Amer. Inst. Min. Met. Eng., Blast Furn. Raw Mat. Comm. 
Proc., 1952, 11, 124-137). The results of an investigation 
into the distribution of manganese between slag and metal 
under reducing conditions are discussed. In the blast furnace 
the distribution approaches equilibrium. The manganese 
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recovery is enhanced by high CaO/SiO, ratios, high temper- 
tures, and low slag volumes. The alumina content does not 
appear to affect the manganese distribution. Magnesia can 
replace lime up to 13% by weight without affecting the 
manganese distribution.—s. G. B. 

Blast Furnace Burdening for Coke of Varying Qualities. 
C. M. Squarey. (Amer. Inst. Min. Met. Eng., Blast Furn. 
Raw Mat. Comm. Proc., 1952, 11, 137-144). The operation 
of blast-furnaces with coke of variable quality is discussed. 
The author describes a charging cycle which has been 
employed successfully by the Inland Steel Co., U.S.A., when 
inferior coke has had to be used.—. G. B. 


A Comparison of Blast-Furnace Operations with and without 
Coke Produced from Pennsylvania Low-Volatile Coals. 
W. C. M. Bennett. (Amer. Inst. Min. Met. Eng., Blast Furn. 
Raw Mat. Comm. Proc., 1952, 11, 241-246). A comparison 
is made of the operation of the Pittsburgh-Youngstown 
blast-furnaces of the U.S. Steel Co., on coke produced with 
and without the addition of a low volatile coal. The low 
volatile coal addition gave a coke with an improved strength. 
When this was used it resulted, in general, in smoother 
operation, but the effect on iron production and coke rate is 
not definitely known.—B. G. B. 

Sulphur Equilibria in Pig Iron and Steel Manufacture. 
J. Chipman. (Jernkontorets Ann., 1953, 187, 2, 37-59). [In 
Swedish]. The author describes investigations at the 
Massachusetts Institute of Technology, U.S.A., into the 
desulphurizing capacity of slags, sulphur activity in the 
metal bath and the relation between slag composition and 
desulphurizing capacity. Sulphur removal was considerably 
accelerated by silicon additions of up to 4°36%, owing 
probably to an indirect reaction in which the SiO, migration 
from slag to iron was retarded.—a. G. K. 


Softening of Iron Ores at High Temperatures.—A. Grieve. 
(J. Iron Steel Inst., 1953, 175, Sept., 1-4). [This issue]. 

The Thermodynamics of Metallurgical Carbides and of 
Carbon in Iron. F. D. Richardson. (J. Iron Steel Inst., 
1953, 175, Sept., 33-51). [This issue]. 

Temperature Distribution in Carbon Hearths. R. D. 
Westbrook. (Iron Steel Eng., 1953, 80, Mar., 141-144). 
The author describes the use of laboratory models in deter- 
mining hearth floor temperature distributions under a number 
of conditions, and suggests methods for reducing hearth 
temperatures. The results obtained on models can be applied 
to determine temperatures encountered in full-scale blast- 
furnace operation and to provide data for furnace design.— 
M. D. J. B. 


TREATMENT AND USE OF SLAG 


The State of Silica in Liquid Slags. O. E. Esin, L. K. 
Gavrilov and B. M. Lepinskikh. (Doklady Akademii Nauk 
S.S.S.R., 1953, 88, 4, 714-716). [In Russian]. The state of 
silica in liquid slags was investigated by measurements of 
the e.m.f. of a cell, the value of which was determined by 
the activity of silica. All experiments were carried out at 
1470° C. to avoid measurable reduction of silica. The curve 
showing the relation between e.m.f. and silica content had 
two inflections dividing it into three sections. These inflec- 
tions indicate the presence of stable silicon-oxygen anions of 
various degree of complexity. In the first section of the 
curve up to the first inflexion point (33%SiO,) only SiO‘, 
anions are present. In the second section (SiO, content from 
33% to 53%) SiO‘, and (SiO*,)n anions are present. 
The third section (SiO, content above 53%) is characterized 
by the absence of SiO4-, anions and the appearance together 
with (SiO*-;)n of complexions SixO*-y, the composition of 
which cannot be deduced from the curve.—v. G. 

Contribution to the Investigation of Properties of Unstable 
Blast-Furnace Slags (Allotropic Transformation of Calcium 
Orthosilicate). W.Sabela. (Prace Instytutu Metalurgii, 1952, 
4, 5, 371-376). [In Polish]. The stability of blast-furnace 
basic slags by observation of changes of fluorescent colours 
in ultra-violet light after heat-treatment was examined. It 
was noticed that unstable slags heated above 800° C. under 
reducing conditions showed marked decrease of strength while 
stable slags remained unchanged. This phenomenon can 
probably be used for the detection of instability of slags 
caused by allotropic transformation of calcium orthosilicate. 
—v. G. 
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DIRECT PROCESSES 


Electrolytic Process with Promise. E. Konrad. (Chem. 
Eng., 1953, 60, Apr., 189-192). A process for the manufacture 
of dense malleable sheets of 99-99% iron from waste pyrr- 
hotite is described. The pyrrhotite is leached with ferrous- 
ferric chloride solution and, after suitable purification, the 
resultant solution is electrolysed. The cell employed has 
graphite anodes surrounded by diaphragms and stainless steel 
cathodes. The process is continuous with low power con- 
sumption and the product may be useful for extreme cold 
working operations and in electromagnetic applications.— 
A. G. 

Pig-Iron by the Krupp-Renn Process: Production Begins in 
South Africa This Year. (Brit. Steelmaker, 1953, 19, Apr., 
186-187). The Dominion Iron and Steel Corp., Ltd., has 
installed a plant at Airlie, East Transvaal, for producing 
pig-iron from the medium-grade iron ore by the Krupp-Renn 
process. The reasons for establishing this process and the 
economic advantages entailed are briefly described.—e. F. 


PRODUCTION OF STEEL 


Improvements in Methods of Pre-Refining High-Silicon 
Basic-Bessemer Irons with Pure Oxygen. P. Leroy. (fev. 
Meét., 1953, 50, Jan., 57-71). Successive developments of 
previous tests blowing at the slag-metal interface have been 
as follows: (1) Blowing with two lances in a full ladle at 
greater depth. At depths greater than 25 cm. vibration and 
loss of iron and slag become excessive. (2) Blowing as the 
ladle fills, the lances being worn away so that blowing is 
always near the slag-metal interface. This method gave a 
low iron loss and a temperature rise of 65° C. (3) Vertical 
blowing at high pressures through water-cooled copper lances. 
Using a multiple-hole lance, 0-3% silicon was removed from 
an iron containing 0-7% with an oxygen efficiency of 42%. 
The effect of lime additions was also studied; these favoured 
the preferential removal of silicon rather than manganese. 


The Volume-Flow Recorder Adapted to the Basic-Bessemer 
Process with an Oxygen-Enriched Blast. R. Michaux and 
P. Leroy. (Rev. Mét., 1953, 50, Mar., 215-228). The volume- 
flow recorder previously developed for use with a normal air 
blast has been modified to register total oxygen flow and 
total blast as a function of the total cold volume of oxygen 
since the beginning of the operation, for Bessemer converters 
using a variably enriched blast. The instrument is described 
and its accuracy given as 2:6% of flow at 50% of maximum 
flow rate and 3-1% of the cold volume.—a. Ga. 

Blowing with Mixtures of Oxygen and Steam. H. Kosmider. 
(Journées Internationales de Sidérurgie, Liége, May 7-9, 1953, 
Advance Copy). [In German]. After discussing the import- 
ance of the Stromeyer formula, the author describes methods 
of lowering the content of nitrogen, with particular reference 
to the use of oxygen-steam mixtures. Practical and theoretical 
considerations are dealt with. The temperature and the 
nitrogen content of the pig iron do not influence the final 
nitrogen content; the hydrogen content of steels made by 
this process is not abnormally high. Silicon and aluminium 
steels made in this way are similar in properties to open- 
hearth steels of the same composition. Typical analyses 
and some operational details of a plant at Espérance- 
Longdez are given.—t. D. H. 

The Production of Improved Air-Refined Steels in the 
Bottom-Blown Converter. K. E. Mayer and H. Knuppel. 
(Journées Internationales de Sidérurgie, Liege, May 7-9, 1953, 
Advance Copy). [In German]. The authors deal first with the 
influence of nitrogen, carbon, phosphorus and oxygen in the 
properties of the steel and then discuss in detail the effect 
of the iron and the blowing conditions in the nitrogen content. 
About 30% of the variation in nitrogen can be attributed to 
the composition of the pig iron. Methods of reducing the 
nitrogen content include cooling by means of limestone 
addition, blowing with oxygen-enriched air, with a high 
pressure air blast, and with a mixture of oxygen and carbon 
dioxide. The effect of these operations on other residual 
elements is discussed. The use of instruments for the control 
of the Bessemer process is also dealt with.—t. D. H. 

The Refining of Bessemer Pig Iron with Pure Oxygen. 
F. A. Springorum and K. G. Speith. (Journées Internationales 
de Sidérurgie, Liége, May 7-9, 1953, Advance Copy). [In 
German]. A serious objection to the blowing of basic pig 
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iron by directing oxygen into the surface is that, after the 
removal of carbon, agitation of the metal ceases, and the 
after-blow is unduly prolonged, resulting in high iron oxide 
content of the slag and steel. To avoid this, it is necessary 
to dephosphorize during the removal of carbon, and this is 
attained by the addition of ore, or a mixture of ore and cold 
scrap. A theoretical treatment of the slag formation is 
given, and advantages of the process are outlined, including 
@ final nitrogen content equivalent to that in open-hearth steel. 
A great disadvantage of the process is the copious evolution 
of iron oxide fumes.—t. D. H. 


Killed Bessemer Steel. M. Allard. (Journées Internation- 
ales de Sidérurgie, Liége, May 7-9, 1953, Advance Copy). 
{In French]. After referring to some disadvantages of killing 
Bessemer steel by means of carbon additions, the author 
describes the ‘“‘ Ugiperval”’ process, by which the steel is 
deoxidised with a synthetic slag high in lime and alumina. 
A steel low in oxygen and sulphur, and free from inclusions 
is obtained. Some indication is given of the range of steels 
obtainable, and a comparison is made with similar open- 
hearth products.—t. D. H. 


Development at Corby of Basic Bessemer Steel Low in 
Nitrogen and Phosphorus by Scale Additions During the Blow. 
W. A. Smith. (Journées Internationales de Sidérurgie, Lidge, 
May 7-9, 1953, Advance Copy). [In English]. Embrittlement 
due to work-hardening, encountered at Corby, was attributed 
to the presence of nitrogen and phosphorus. By the addition 
of heavy mill-scale during blowing, together with a shallower 
bath and modified blast, it was possible to reduce the nitrogen 
content to less than0-010%, withsome improvement insulphur 
oxidation. By continuing the after-blow until there is 
enough iron in the slag for fluidity and enough oxygen in the 
metal for rimming, the phosphorus content of the steel was 
sufficiently reduced. The lower finishing temperature given 
by the scale additions also helps to prevent nitrogen absorp- 
tion. Factors controlling the process are examined, and 
reference is made to the possibilities and disadvantages of the 
alternative use of oxygen-enriched blast.—. D. H. 


Work on Improvement of the Basic Bessemer Steel at 
Domnarfvet Steelworks, Sweden. B. Kalling. (Journées 
Internationales de Sidérurgie, Lidge, May 7-9, 1953, Advance 
Copy). [In English]. The author gives a survey of work 
carried out at Domnarfvet in recent years. Subjects covered 
are: (1) Desulphurization of the pig iron, using ground lime 
in a rotary furnace; (2) pre-blowing Bessemer pig with oxygen 
in the ladle to recover the vanadiura; (3) removal of nitrogen 
by blowing with an oxygen/carbon-dioxide mixture in the 
final stages of the heat; (4) refining with oxygen-enriched 
blast; and (5) refining with pure oxygen. Working details 
are given, and the results discussed.—t. D. H. 

Steel Refining with Pure Oxygen by the Top-Blowing 
Process (LD—Process). H. Trenkler. (Journées Inter- 
nationales de Sidérurgie, Lidge, May 7-9, 1953, Advance Copy). 
{In German]. This process, carried out in 30-ton basic 
converters of special design, by blowing 98% oxygen onto the 
surface of the iron, is said to give a steel superior in some 
ways to open-hearth steel of similar composition, and at a 
much lower operational and capital cost. Phosphorus, 
sulphur, nitrogen and oxygen are low, and additions of 
14-21% of scrap, together with a 90% yield from the con- 
verter, indicate the efficiency of the process. Working 
details are given, and theoretical and economic aspects are 
considered.—t. D. H. 

Hydrodynamic Investigation of the Movements of the Bath 


in the Basic-Bessemer Converter. P. Leroy. (Jouwrnées 
Internationales de Sidérurgie, Lige, May 7-9, 1953. Advance 


Copy). [In French]. The author distinguishes between two 
types of factor affecting the blowing of a charge of iron: 
(1) Geometrical, concerned with dimensions and weight 
of the charge, and (2) physico-chemical. He also points out 
that factors causing agitation of the bath can be mechanical, 
or can be modified by changes in the composition and 
condition of the bath. A relationship between the critical 
blast pressures and volumes causing ejection of the metal, 
and the wave-like agitation of the bath caused by the form 
of the converter is established. Results are presented, and 
the most favourable blowing conditions from the hydro- 
dynamic point of view are pointed out.—t. D. H. 
Open-Hearth Furnace Plants of the American Steel Industry. 
F. Bartu. (Radex Rundschau, 1951, No. 3, May, 102-116; 
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1951, No. 6, Oct., 243-256). American open-hearth furnace 
plants, methods of construction, and practices are described 
and differences between these and corresponding German 
features are discussed.—k. Cc. 

Automatic Control of Open-Hearth Furnaces. (Engineer, 
1953, 195, Mar. 27, 456-458). The scheme for the automatic 
control of eight open-hearth furnaces in the new melting 
shop of John Summers and Sons, Ltd., Shotton, is described. 
Provision is made for controlling the maximum roof tempera- 
ture and the furnace pressure and for automatic reversal of 
the furnace. The indicating, recording and control equip- 
ment for each furnace is housed in a pressurized cubicle. 

Cold-Meta! Practice : Fixed 80—100-Ton Furnaces. J. E. 
Pluck. (J. Iron Steel Inst., 1953, 175, Sept., 59-63). [This 
issue]. 

Hot-Metal Practice : 80-Ton Fixed and 250-Ton Tilting 
Furnaces, S. G. Williams. (J. Iron Steel Inst., 1953, 175, 
Sept., 64--66. [This issue]. 

Coke Oven Gas as a Supplementary Open-Hearth Fuel. 
R. D. Bundy. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. 
Comra. 35th Conf., 1952, 35, 32-53). The author describes 
experiments planned to develop the use of coke-oven gas as 
a supplementary fuel in the oil-fired open-hearth furnaces of 
the Wheeling Steel Corp. The gas can be used satisfactorily 
in quantities up to 40% of the total heat input if properly 
desulphurized and under controlled pressure. There are 
indications that furnace performance is improved, and 
excessive refractory wear is avoided by modified design and 
pitching of the burners.—e. F. 

Checker Maintenance to Increase Flame Intensity. L. A. 
Hovey. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. 
Comm. 35th Conf., 1952, 85, 54-56). The author briefly 
discusses the importance of checker maintenance in relation 
to furnace performance, dealing with checker volume, the 
quantity of air required, air infiltration, and cleaning of the 
checker system.—e. F. 

Use of Oxygen for Flame Enrichment and Decarburization, 
Inland Steel Company. A. M. Kroner. (Amer. Inst. Min. 
Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 1952, 35, 
59-65). Oxygen is used in the open-hearth plant of Inland 
Steel Co. for flame enrichment and for decarburizing the bath. 
The author describes the practice, outlining its development, 
and discusses the advantages of oxygen practice and the 
resulting improvements in production.—e. F. 

Oxygen for Increasing Open-Hearth Production, Gary Steel 
Works. W. C. Buford. (Amer. Inst. Min. Met. Eng., Proc. 
Nat. O. H. Comm. 35th Conf., 1952, 85, 66-70). The author 
describes the oxygen-lancing practice in the open-hearth 
shop of the Gary works of United States Steel Co., and 
summarizes the results obtained. Graphs illustrating the 
overall reduction in heat time and increased production are 
shown, and no detrimental effects of oxygen lancing have 
been observed. Maximum benefit is obtained on the slower- 
working furnaces.—c. F. 

Decreasing Charging Time by Preparing Scrap. V. W. Jones. 
(Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. Comm. 35th 
Conf., 1952, 85, 75-77). At the Middletown works of Armco 
Steel Corp., restricted charging space necessitates an extensive 
scrap preparation programme to ensure maximum weight 
per charging pan. The author outlines the methods of 
preparing various types of scrap.—«. F. 

Rammed Fantails for Open-Hearth Furnaces. R. R. 
Fayles. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. 
Comm. 35th Conf., 1952, 85, 80-86). The author describes 
experience at the Lukens Steel Co. with rammed refractories 
for open-hearth fantail roofs. Such installations can be 
made without difficulty by unskilled labour, and installation 
and maintenance costs are probably below those of other 
types of construction.—c. F. 

Plastic Refractories in Nose and Fantail of Slag Pockets on 
Open-Hearth Furnaces. W. E. Haberthur. (Amer. Inst. 
Min. Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 1952, 35, 
87-88). The author outlines the method of installation of 
plastic refractory noses and fantails of open-hearth furnace 
slag pockets at the Jones and Laughlin Steel Corp., Pitts- 
burgh. The main benefits are the savings in repair time, 
labour, and materials.—c. F. 

Construction of Open-Hearth Flues. J. C. Witherspoon. 
(Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. Comm. 35th 
Conf., 1952, 85, 90-92). Construction of open-hearth furnace 
flues with refractory concrete has resulted in notable savings 
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in time and cost at the Donora works of United States Steel 
Co. Details of the construction are given and the results 
obtained are summarized.—c. F. 

Concrete Refractories for Open-Hearth Flues. R. E. 
Wright. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. 
Comm. 35th Conf., 1952, 35, 92-93). Refractory concrete 
has been used for checker floors and flues at the Clairton 
works of United States Steel Co., as a means of reducing 
furnace down-time and labour costs. The steps in the 
construction are outlined and the results are summarized. 

Recent Experiments with Rammed Hearths at Bethlehem. 
H. M. Kraner. (Amer. Inst. Min. Met. Eng., Proc. Nat.O.H. 
Comm. 35th Conf., 1952, 35, 97-102). The author presents 
graphically the results obtained with rammed high-magnesia 
open-hearth furnace bottoms at the Bethlehem Steel Corp. 
The higher-magnesia mixes give the better performance, and 
rammed hearths appear to be superior to sintered hearths. 

Comments on Rammed Bottoms. W. E. Brandt. (Amer. 
Inst. Min. Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 
1952, 85, 103-104). Experience at the Homestead works of 
United States Steel Co. shows that 65% less time is required 
to instal a fully-rammed hearth than a rammed sub-hearth 
with sintered working face, and 76% less time than a fully- 
sintered hearth. The fully-rammed hearth is also found to 
give the best performance.—e. F. 

Use of Exothermic Alloys. ©. C. Brown. (Amer. Inst. 
Min. Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 1952, 85, 
129-131). The author describes the use of exothermic 
chromium and manganese alloys as ladle additions at Inland 
Steel Co. and discusses the results obtained. The chromium 
alloy has advantages over normal ferrochrome for 1%-Cr 
steels in that no bath addition is required, chromium recovery 
is better, and analysis control is improved. The exothermic 
manganese alloy is satisfactory for silicon-killed steels, but 
with certain other steels care must be exercised owing to 
carbon and silicon pick-up from the alloy.—e. F. 

Methods of Adding Boron to Open-Hearth Heats. E. W. 
Pierce. (Amer. Inst. Min. Met. Eng., Proc. Nat.O.H.Comm. 
35th Conf., 1952, 35, 132-133). The use of the boron alloys 
* Borosil ’ and ‘ Grainal ’ at the South Works of United States 
Steel Co. is briefly discussed, and the method of making the 
additions is outlined. The effect of nitrogen on the efficiency 
of the boron addition is also considered.—c. F. 

Effect of Manganese Sulphide and of Stick Sulphur on 
Surface Quality of Steel. D. R. Bessler. (Amer. Inst. Min. 
Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 1952, 85, 
141-142). In the manufacture of semi-killed and rimmed 
resulphurized steel at the Keystone Steel and Wire Co., both 
manganese sulphide and stick sulphur have been used to 
make the sulphur addition. Preliminary results are presented, 
but owing to rod-mill variables, no conclusion can be reached 
as to the relative effects of the different sulphur additions on 
surface quality.—e. F. 

Open-Hearth Bath Deoxidation. M. Tenenbaum. (Amer. 
Inst. Min. Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 
1952, 35, 166-172). The author briefly reviews current 
knowledge regarding bath deoxidation and considers the 
reasons for the persistence of this practice which is generally 
acknowledged to be more costly and time-consuming than 
ladle deoxidation. He considers the mechanism and changes 
occurring during bath deoxidation. The main reason for the 
continuance of the practice is its contribution to improved 
analysis control.—e. Fr. 

Slag Control in Cold Metal Practice with the Use of Burnt 
Lime. W. H. Steinheider. (Amer. Inst. Min. Met. Eng., 
Proc. Nat. O. H. Comm. 35th Conf., 1952, 85, 174-187). The 
author discusses the changes in slag constitution occurring 
during cold-metal heats and illustrates the changes by means 
of petrographic samples. . After extensive training, the 
V-ratio can be estimated to 0-1%, and FeO and Fe,0, both 
to 1%, by visual examination of slag samples. Quicker 
adjustments of lime can be made, resulting in a general 
decrease in heat time.—e. F. 

Economics of the Use of Oxygen with a Cold Charge. A. H. 
Sommer. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H.Comm. 
35th Conf., 1952, 35, 190-194). The author discusses the 
economics of the use of oxygen lancing in cold-metal heats, 
and summarizes the results of extensive studies at the 
Keystone Steel and Wire Co. which illustrate the effect of 
oxygen in increasing output, decreasing fuel consumption, 
and decreasing refining time. The author refers to conditions 
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where normal furnace operation can satisfy normal mill 
requirements.—G. F. 

Oxygen Lancing Practice in Cold-Metal Shops. A. Bigar, 
jun. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. Comm. 
35th Conf., 1952, 35, 195-198). Details are given of the 
technique of oxygen lancing in the cold-metal melting shop 
of the Lukens Steel Co. Oxygen is directed at unmelted 
scrap in the bath. This results in faster melting and slag 
conditioning, increasing bath temperature, and earlier lime 
boil. The increase in output by oxygen lancing is about 
0-5 tons/hr.—e. F. 

Effect on Production of High Percentage of Pig Iron (+40 
Per Cent.) in Cold-Metal Practice. A. R. Edwards. (Amer. 
Inst. Min. Met. Eng., Proc. Nat. O. H. Comm., 35th Conf., 
1952, 35, 200-201). Shortage of scrap recently necessitated 
increasing the percentage of pig iron in cold-metal charges 
at Keystone Steel and Wire Co. Data are presented showing 
the resulting decrease in charging time, and increase in 
refining time and total heat time.—e. F. 

Rapid Open-Hearth Furnace Repairs: Methods Employed 
at Corby Melting Shop. (Jron Coal Trades Rev., 1953, 166, 
Mar. 13, 595-600). Recently both furnaces in the Corby 
open-hearth shop have had general repairs, including new 
bottoms, the tap-to-tap times being 10 days 8 hr. and 9 days 
6 hr. respectively. A new roof has also been installed on one 
furnace in less than 16 hr. (tap to gas on). An account of 
the methods used for these rapid repairs is given.—c. F. 

Conservation of Alloys. D. L. McBride. (Amer. Inst. Min. 
Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 1952, 35, 
118-128). The author deals mainly with conservation of 
manganese, and discusses the effeot of steelmaking factors on 
the efficiency of manganese recovery. Equations for cal- 
culating manganese additions are presented, providing a 
means of evaluating manganese practices between different 
shops and of evaluating the effect of bath-temperature control 
and changes in practice. Attention is also given to the 
development of boron-treated steels and to the conservation 
of nickel.—e. F. 

Supercharging a Battery of Open-Hearth Furnaces. A. 
Calderon. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. 
Comm. 35th Conf., 1952, 85, 212-220). The author describes 
a proposed charging system for open-hearth furnaces which 
would bring raw materials in bulk form close to the points 
of use and employ a minimum number of handling operations. 
Separate ore and limestone bins with vibrating feeders, 
built-in weighers, and a V-section split box are provided. 
The scrap is ‘supercharged’ with a W-section split box and 
fed from magnetic chutes. The component parts are 
described in detail, and the shop and charging-floor layouts 
and charging cycle are discussed. Calculations showing the 
possible savings are given, and it is stated that a 200-ton 
heat with 50% scrap could be charged in 30 min.—G. F, 

New Developments in Burners for Liquid or Combination 
Liquid and Gaseous Fuels. W. H. Kahl. (Amer. Inst. Min. 
Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 1952, 35, 
221-226). Asummary is given of a recent American question- 
naire on mixed-fuel firing of open-hearth furnaces. Brief 
details of burner arrangements used by several firms for 
mixed liquid and gaseous fuels are given, and a recent 
experiment at Inland Stee] Co. with high-pressure coke—oven 
gas and tar is reported.—c. F. 

New Developments in Firing Combination Liquid and 
Gaseous Fuel. E. T. W. Bailey. (Amer. Inst. Min. Met. 
Eng., Proc. Nat. O. H. Comm. 35th Conf., 1952, 35, 226-230). 
The plentiful supply of coke-oven gas from the new ovens 
at the Steel Co. of Canada Ltd. has resulted in new gas 
distribution plans whereby gas consumption will be auto- 
matically adjusted to balance production. Fuel oil in the 
open-hearth furnaces will be displaced in proportion to the 
gas volume required to maintain pressure at the primary 
booster outlet. Gas will be varied from 40% to 75% of the 
total heat input. Simple diagrams illustrate the proposed 
control systems, and the main features are discussed.—G. F. 


Significance, Factors Affecting, and Methods of Measuring 
Preheated Air Temperature. H. S. Hall. (Amer. Inst. Min. 
Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 1952, 35, 
244-250). The author discusses the importance of air preheat 
in open-hearth furnace operation and considers the regenerator 
conditions which affect the preheat temperature. The main 
conditions are air infiltration and checker design. The 
regenerative system must be kept in good repair.—e. F. 
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Instrumentation at the Open-Hearth, Crucible Steel Company. 
L. W. Moore and H. E. Meek. (Amer. Inst. Min. Met. Eng., 
Proc. Nat. O. H. Comm. 35th Conf., 1952, 35, 253-256). 
Instrumentation of the open-hearth furnaces at the Crucible 
Steel Company of America includes control of furnace 
pressure, gas and liquid fuel flow and air/fuel ratio, and 
automatic reversal. The furnaces are fired with mixed-fuel 
and the air flow is proportioned to the total fuel flow. The 
control systems are discussed and illustrated diagrammati- 
cally.—c. F. 

Some Instrumentation Functions on the New Open-Hearth 
Furnaces, Jones and Laughlin Steel Corporation. R. A. 
Lambret. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. 
Comm., 35th Conf., 1952, 85, 257-265). The author describes 
in detail the instrumentation of the new 11-furnace open- 
hearth shop of the Jones and Laughlin Steel Corp. Particular 
attention is given to the roof temperature control, automatic 
reversal, air/fuel ratio control, and checker-temperature 
recorder.—G. F. 

Atomizing Oil with High-Pressure Natural Gas. L. D. 
Yager. (Amer. Inst. Min. Met. Eng., Proc. Nat.O. H. Comm. 
35th Conf., 1952, 35, 266-267). Lack of sufficient steam 
pressure at Laclade Steel Co. has led to experiments with 
compressed natural gas as the atomizing agent in oil-fired 
open-hearth furnaces. Using the gas in proportions up to 
50% of the total heat invut, the practice has proved economical 
and has led to improved furnace efficiency with no effect on 
refractory life. Brief details of the system are given.—c. F. 

Designing a Furnace to Use Natural Gas. H. C. Barnes. 
(Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. Comm. 35th 
Conf., 1952, 85, 267-280). The author describes flow-pattern 
research on a }-scale model open-hearth furnace, using air 
as the flow medium and blue and yellow paint mists as 
tracers representing air and fuel respectively. Green areas 
on inserted fine-netting cross-section screens are then assumed 
to represent flame. The effects of gas and air velocities, 
furnace pressure, air infiltrations, burner design and location, 
and port end design have been sttdied and flow patterns for 
several conditions are shown. The furnace designed from 
these tests for firing with natural gas is illustrated.—c. F. 

Effect of Uptake Dimensions on Furnace Performance, 
Inland Steel Co. L. R. Berner. (Amer. Inst. Min. Met. Eng., 
Proc. Nat. O. H. Comm. 35th Conf., 1952, 85, 281-283). At 
Inland Steel Co., several trials have been carried out to study 
the effect of uptake area on furnace performance, and the 
results are summarized. Furnace performance improved 
noticeably as the area was reduced in stages from 114 to 
47 sq. ft.—-e. F. 

Effect of Uptake Dimensions on Furnace Performance, 
Steel Company of Canada. J. E. Hood. (Amer. Inst. Min. 
Met. Eng., Proc. Nat. O. H. Comm. 35th Conf., 1952, 35, 
283-285). Brief details are given of trials carried out at 
the Steel Company of Canada Ltd. on the effect of uptake 
area on furnace performance. Reductions in uptake area 
of 24% on one furnace and 38% on a second furnace had 
no significant effect on furnace performance.—. F. 

Effect of Liberian Ore on Open-Hearth Production. R. P. 
Carpenter. (Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. 
Comm. 35th Conf., 1952, 85, 307-308). Owing to the shortage 
of good American feed ores, the Cleveland Works of Republic 
Steel Corp. has recently used Liberian hematite ore with 
considerable success. Output was increased by 1-1-5 tons/hr. 
The Liberian ore is felt to be almost ideal.—e. F. 

Use of Moroccan Ore at Fairfield Steel Works. C. C. Benton. 
(Amer. Inst. Min. Met. Eng., Proc. Nat. O. H. Comm. 35th 
Conf., 1952, 35, 310-311). Brief details of tests with different 
feed ores at Fairfield Steel Works are given, showing that 
Moroccan ore, in conjunction with low-sulphur fuels, can be 
used to advantage with regard to production.—«. F. 

The Mechanization and Organization of Repairs of Open- 
Hearth Furnaces. J. Szalinski. (Hutnik (Katowice), 1953, 
20, 1, 25-28). [In Polish]. The importance of the use-of 
charging equipment for demolition and removal of rubble is 
stressed.—-v. G. 

The Use of Limestone Instead of Burnt Lime for the Open- 
Hearth Furnace Charge. (Biuletyn Informacyjny Instytutow 
Ministerstwa Hutnictwa, 1953, 4, 1, 3-4: Hutnik (Katowice), 
1953, 20, 1). [In Polish]. The merits of using limestone 
or burnt lime for the open-hearth charge were compared. 
Fifty-four heats with limestone using hot and cold metal and 
the same number of similar heats with burnt lime were made. 











JOURNAL OF THE IRON AND STEEL INSTITUTE 


ABSTRACTS 


The duration of heats using limestone was shorter. In all 
heats with limestone, the phosphorus and sulphur contents 
of the metal immediately after melting was lower than in 
similar heats with burnt lime.—v. G. 

The Origin of Our Steelworks. E. Erni. (Von Roll 
Werkzeit, 1953, 24, Mar., 79-82). The first 5-ton electric 
furnace was put into service at Gerlafingen on Aug. 23rd, 
1918. Various methods of charging have been tried since 
then. The best method is one in which the furnace roof is 
lifted aside and the furnace charged from a special charging 
basket designed by Demag Electrostahl G.m.b.H., Duisburg. 


Induction Stirrer for Arc Furnace. E. G. Malmlov and 
Q. Graham. ‘(Iron Steel Eng., 1953, 30, Feb., 120-124, 
Blast Furn. Steel Plant, 1953, 41, Mar., 311-313). A short 
description is given of a new induction stirrer, built in the 
U.S.A., which is fitted to a 100-ton electric arc furnace. The 
effect of the induction is to keep the metal and slag in 
movement which promotes interaction and reduces the 
refining time.—B8. G. B. 

The Influence of Melting Practice on the Quality of Steel 
from a Basic Electric Arc Furnace. M. Stankiewicz. (Przeglad 
Odlewnictwa, 1953, 8, 3, 78-83). [In Polish]. The main 
characteristics of electric steel production are outlined. A 
modern basic electric arc furnace, and the successive stages in 
steelmaking are described. Deoxidation and desulphurization 
of the metal, and additions of alloying elements, are discussed. 


A Note on the Production of Small Billets of Semi-Killed 
Steel Made under a Single Slag in a Basic Arc Furnace. 
M. Petitdidier. (Rev. Mét., 1953, 50, Mar., 177-188). Results 
obtained during two-and-a-half years’ operation of a 10-ton 
basic are furnace are given. Distribution graphs show that 
93% of casts have phosphorous contents below 0:04% and 
87% have sulphur below 0:04%. Wear on ingot moulds 
and the productivity of the process are discussed. Advantages 
are the varied profiles obtainable from one cast and the short 
time between casting and rolling. Difficulties encountered 
include the production of extra mild and effervescent steels 
and classification of ingots in the ingot yard.—a. G. 


Viscometer for Molten Slags, Based on the Principle of 
Rotary Oscillation. M. P. Volarovich and O. I. Yatsunskaya. 
(Zavodskaya Laboratoriya, 1950, 16, 7, 813-818). [In Russian]. 
The viscometry of molten slags is briefly reviewed, and an 
account is given of a simple viscometer in which viscosity is 
found from the damping of the rotary oscillation of a system 
terminating in a graphite cylinder suspended coaxially in a 
graphite cylindrical vessel containing the slag. The apparatus 
was used for chromium-bearing open-hearth slags, and curves 
of viscosity against temperature are given for chromium 
contents of 4:9%, 5:8%, 7:3%, and 14-4%, and for 
temperatures of 1425° to 1600° C.—s. kK. 

Deleterious Micro-Inclusions of Slag in Special Alloy Steels. 
O. Krifka. (Radex Rundschau, 1951, No. 2, Mar., 42-61). 
Principles of deoxidizing methods are outlined and discussed. 
and microscopic slag inclusions in various stainless steels are 
considered in relationship to deoxidation treatment. Results 
of investigations of the form, size, and number of micro slag 
inclusions in high-alloy steels are quoted; the effects of such 
inclusions on surface and properties of the steels are described. 


The Thermodynamics of Metal Nitrides and of Nitrogen 
in Iron and Steel. J. Pearson and U. J.C. Ende. J. Iron 
Steel Inst., 1953, 175, Sept., 52-58. [This issue. ] 

Effects of Melting Furnace Atmosphere on Fluidity, Hot 
Tearing Tendency, and Other Properties of Malleable Iron. 
E. A. Lange and R. W. Heine. (Trans. Amer. Found. Soc., 
1952, 60, 169-181). Results are given of experiments in which 
irons of varying carbon composition were melted under 
different atmospheres. Carbon dioxide, water vapour, 
nitrogen, hydrogen, and argon atmospheres caused a decrease 
in metal fluidity. Hot-tearing resistance was decreased by 
increasing the carbon content of the melt and increasing the 
melting temperature under air atmospheres; and increased 
(compared to air) by hydrogen atmosphere. Water vapour 
and nitrogen atmospheres gave similar resistance to hot 
tearing as an air atmosphere.—J. McK. 





FOUNDRY PRACTICE 


Hot Metal Receivers (Gas World, 1953, 187, Mar. 21, 
Industrial Gas Supplement, 46-47). The design and operation 
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of a tilting, gas-fired hot-metal receiver are described. This 
equipment is for use in a foundry in conjunction with a 
cupola.—J. McK 

Effect of Sulphur on Fluidity of Gray Cast Iron. L. F. Porter 
and P. C. Rosenthal. (Trans. Amer. Found. Soc., 1952, 60, 
611-616). Experimentally it was found that sulphur is 
detrimental to fluidity only when combined with sufficient 
manganese to form sulphides high in manganese. The 
influence of sulphur is altered by the pouring temperature, 
higher temperatures allowing a greater amount to be tolerated 
without adversely affecting fluidity, though the higher the 
pouring temperature the more rapidly will sulphur contents 
over these threshold values decrease fluidity.—s. McK. 

Production Experiences with a Basic Cupola. S. F. Carter. 
(Trans. Amer. Found. Soc., 1952, 60, 344-350). The use of 
several basic refractories for cupola lining and patching is 
considered and comparative costs given. The increased cost 
of basic refractories has been offset in some instances by 
improved metal quality or the use of cheaper raw materials. 
Different levels of slag basicity may be used to obtain different 
iron qualities. Advantages of using basic cupola practice in 
melting nodular and other special irons are suggested. 

Refractories for the Basic Cupola. H. M. Kraner. (Trans. 
Amer. Found. Soc., 1952, 60, 262-265). The dissolving power 
of slags on refractories is considered. It is advantageous to 
use a water-cooled carbon lining in basic cupola practice. 


Correlation of Air Furnace Bottom Temperature to Refrac- 
tory and Operating Practice in a Cupola-Air Furnace Duplex 
System. F. W. Jacobs and J. S. Lawrence, jun. (Amer. 
Found. Soc. Preprint No. 45, May, 1953.). The authors make 
a practical approach to control of refractory bottom life in 
an oil-fired air furnace by means of measuring furnace bottom 
temperatures. Method of furnace construction is shown, 
including the method of placing the thermocouples under the 
service bottom. Measurement of bottom temperature is a 
definite aid in predicting bottom life.—m. p. J. B. 

Light Castings for Vitreous Enamelling. H. McNair. 
(Proc. Inst. Vitreous Enamellers, 1947-50, 9, 115-121). This 
paper discusses the production requirements of light iron 
castings (1 to 50 lb.) as used for gas and electric cookers, and 
stoves. Metal composition is considered and ranges for silicon, 
phosphorus, manganese and sulphur content are given. 
Cupola practice is described as well as the effect of melting 
flux, the importance of moulding sands, volatile matter and 
moulding technique.—m. D. J. B. 

A Study on the Production of Regenerated Pig Iron. (3rd 
Report). M. Yéda. (Nippon Kinzoku Gakkai-Si, 1952, 16, 
Jan., 60-63). [In Japanese]. The influence of bed height of 
the coke on carbon content of the iron was investigated. Bed 
height and coke rate conditions to produce 4% C in the iron 
are described.—x. E. J. 

Rotary Melting Furnaces. (Canad. Metals, 1952, 15, Nov., 
40). A brief survey of rotary furnace practice in British 
and Continental metallurgical works is made, quoting 
efficiencies for the different materials melted.—s. c. B. 

The Influence of Heating Rate on the Graphitization of 
White Iron. I. Aoki and H. Meguro. (Nippon Kinzoku 
Gakkai-Si, 1952, 16, Apr., 204-208). [In Japanese]. By 
means of electrolytic etching, the small graphite nodules in 
white cast iron can be seen. On heating, these become the 
nuclei of temper carbon nodules and graphitization proceeds. 
With slow heating, the equivalent number of temper carbon 
nodules are formed. With rapid heating, graphitization below 
A, does not proceed, and the particles do not grow, even when 
the samples reach A,. The small particles disappear through 
Ac, transformation, and only the relatively large graphite 
particles remain.—k. E. J. 

Time of Formation of Spheralites in Hypo- and Hyper- 
Eutectic Irons. J. Keverian, C. M. Adams, and H. F. Taylor. 
Trans. Amer. Found. Soc., 1952, 60, 849-853). Specimens 
of hypo- and hyper-eutectic irons, treated with magnesium 
and post-inoculated with ferrosilicon to nodulize the graphite, 
were quenched from various temperatures. The results 
indicate that graphite precipitates in hyper-eutectic liquid at 
a temperature above the eutectic temperature; the hyper- 
eutectic liquid is thought to be supplied in hypo-eutectic 
rons (1) as a result of microsegregation of silicon and carbon 
during formation of austenite dendrites, and/or (2) as a result 
of post-inoculation with ferrosilicion.—s. mck. 

Nodular Iron Tackles Big Jobs. (Stee/, 1953, 182, Mar. 16, 
102-104). The successful use of nodular graphite cast iron 
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for large castings for compressors, diesel and gas engines is 
reported. Additions of 0-002-0-:003% of cerium can be 
made to high-titanium irons which, without the addition, 
could not be used for making this iron.—R. A. R. 

Research on the Relation between Cast Iron and Oxygen. 
On the Effect of O, Increase to the Fe-C Alloy and Grey Cast 
Iron. M. Homma, Y. Hashimoto, M. Fuse, and K. Iwase. 
(Nippon Kinzoku Gakkai-Si, 1952, 16, May, 260-265). 
[In Japanese]. The decarburization of iron-carbon alloys 
by slags of various compositions was investigated. With 
commercial cast iron, oxygen from slag reacts only with 
silicon. Increase of oxygen in iron having a flake graphite 
structure produces changes to rose graphite, eutectic graphite, 
inverse chilled, and white cast iron (ledeburite) structures. 

Research on the Relation between Cast Iron and Oxygen. 
On the Effect of O, Increase to the White Cast Iron. M. 
Homma, Y. Hashimoto, M. Fuse, and K. Iwase. (Nippon 
Kinzoku Gakkai-Si, 1952, 16, May, 265-271). [In Japanese]. 
Increase of oxygen by means of slags produced changes from 
flake to rose and eutectic graphite structures, then variable 
grey or white structures, then inverse chilled structure, and 
finally, to white iron. The Mn/S ratio of 3-5 is critical at the 
grey/white change, and that of 6-7 produces stable grey iron. 
The formation of Fe—Mn-S clusters suppresses the action of 
sulphur, which tends to white iron formation. The views of 
Von Keil on ferrous silicate slime are criticized. (17 refer- 
ences).—K. E. J. 

Effects of Melting Furnace Atmosphere on Casting Properties 
and Annealability of Malleable Iron. E. A. Lange and R. W. 
Heine. (Amer. Found. Soc. Preprint No. 4, May, 1953). 
This paper examines the influence of melting furnace 
atmospheres on the properties of malleable iron, particularly 
the influence of furnace gases on the composition of the iron, 
mottling, fluidity, hot tearing, annealability, and as-cast 
microstructure. The annealability of iron melted in an air 
furnace was influenced by furnace atmospheres in much the 
same way as the duplex iron.—m. D. J. B. 

Influence of Furnace Atmosphere on the Annealing of 
Malleable Iron. J.T. Bryce, A. Hernandez and F. B. Rote. 
(Amer. Found. Soc. Preprint No. 6, May, 1953). An investiga- 
tion of the controlled atmosphere annealing of white cast 
iron was made to determine the effects of the carbon 
evolution from the iron itself on the annealing atmosphere, 
and the annealing characteristics of commercial malleable 
iron. The results are used as a standard for comparison in 
further experiments using air additions to modify the 
atmosphere for control of decarburization, rim and rate of 
annealing. Time-temperature-gas analysis relationships are 
graphed. The relationship of mechanical properties to 
structural changes in the iron, as affected by the atmosphere 
and rate of heating, is established.—xm. pb. J. B. 

Refractory Selection Applied to Batch Type Air Furnaces. 
C. O. Schopp and P. F. Ulmer. (Trans. Amer. Found. Soc., 
1952, 60, 497-500). A description is given of the refractories 
used in a specific reverberatory pulverized coal-fired furnace 
melting white cast iron. Methods of repair are described and 
suggestions made to enable a suitable refractory for a given 
operation to be chosen.—J. McK. 

Hot-Tear Formations in Steel Castings. U. K. Bhattacharya, 
C. M. Adams and H. F. Taylor. (Trans. Amer. Found. Soc., 
1952, 60, 675-680). The incidence of hot-tearing was 
investigated experimentally using a flanged casting with 
restraining bars between the flanges. The critical temperature 
below which cast steel resists tearing was found to be 2475° F 
in low-sulphur mild steel killed with 0-10% aluminium, and 
2400° F. for a medium carbon steel. Deoxidation with silicon 
lowers these critical temperatures, giving increased suscepti- 
bility to hot tearing.—s. Mek. 

Influence of Ramming and of Sintering on the Penetration 
of Molten Metals into Compacted Silica-Sand Mixes. T. P. 
Hoar, D. V. Atterton, and D. H. Housman. (J. Jron Steel 
Inst., 1953, 175, Sept., 19-29. [This issue]. 

Metal Penetration and Sand Burn-on in Steel Castings: 
Their Causes and Prevention. T. P. Hoar. (West Scotland 
Iron Steel Inst., Dec. 19, 1952, Paper No. 447). It is shown 
that the critical pressure that determines whether or not 
molten metal will penetrate pores in a sand mould is of the 
order of 20-60 cm. of mercury for ferrous alloys, according 
to the conditions of the mould. The depth of penetration 
is determined by the degree to which the sand has become 
heated in depth. Harder ramming, the use of finer sand, 
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metal oxidation, the use of sinterable mould paints, and the 
reduction of pouring temperature are methods of reducing 
metal penetration.—P. C. P. 

Deformation of Green Molding Sand. W. G. Parker. 
(Amer. Found. Soc. Preprint No. 32, May, 1953). The author 
reviews the work to date on green sand deformation; hot 
deformation is not covered. Deformation and sand toughness 
tests are described and modifications in order to standard 
measuring equipment are suggested. (19 references). 

Olivine Application in the Foundry. 6G. 8S. Schaller. 
(Trans. Amer. Found. Soc., 1952, 60, 558-562). Olivine was 
used exclusively in an experimental foundry instead of silica 
for moulding sands and cores, and was found to be satisfactory 
(when suitably graded) for grey iron and non-ferrous casting. 
The properties of olivine of importance in this application are 
detailed.—3. Mck. 

Effect of Binders and Additives on the High Temperature 
Properties of Foundry Sands. R. E. Morey, C. G. Ackerlind 
and W. S. Pellini. (Yrans. Amer. Found. Soc., 1952, 60, 
266-273). Sand deformation under load at high temperatures 
was studied using a conventional sand-testing dilatometer 
furnace fitted with automatic stress-strain recording apparatus. 
The strength, modulus and deformation of the sand were 
found to be largely determined by the clay binder used. 
Supplementary organic binders or other additives modify the 
properties; the additives studied were gelatinized corn flour, 
wood flour, asbestos, seacoal, iron oxide and silica flour. 


Investigation of Properties of Steel Sands at Elevated 
Temperatures. R.G. Thorpe, A. E. Riccardo, P. L. Widener, 
and P. E. Kyle. (Trans. Amer. Found. Soc., 1952, 60, 
197-210). The stress-strain curves at different temperatures 
and free expansion curves were determined for moulding 
sand mixtures with varied amounts of binder. The maximum 
temperature where the expansion exceeds the allowable 
deformation was found to vary with the mixture and it is 
shown that, as this temperature increases, the scabbing 
tendency increases.—J. MCK. 

A Study of the A.F.S. Fineness Test. H. A. Stephens. 
(Trans. Amer. Found. Soc., 1952, 60, 53-67). The grading 
analysis for the American Foundrymen’s Assoc. fineness test 
is surveyed critically. The effect of oversize sieve apertures 
and duration of sieving is studied. The errors due to sampling 
and to sieving are of the same order. The correct time for 
a number of sieving machines is determined. A method for 
calibrating unknown sieves using standard sands is developed. 

Sand Control with Particular Reference to the Prevention 
of Scabbing. W. B. Parkes. (Trans. Amer. Found. Soc., 
1952, 60, 23-37). Test castings were used to study the 
incidence of scabbing and the results correlated with physical 
properties of the moulding sand. The tendency to scab was 
found to be reduced by increasing the size range of the quartz 
grains or by adding pitch, coal, boric acid, wood flour or 
fibrous material, e.g., asbestos, to the sand. The occurrence 
of scabbing is related to the stress/strain curve of the dried 
sand at room temperatures.—J. McK. 

The Nature of Bonding in Clays and Sand-Clay Mixtures. 
L. M. Diran and H. F. Taylor. (Trans. Amer. Found. Soc., 
1952, 60, 356-363). Bonding action is explained on the basis 
of the formation of a double diffuse layer, containing hydroxyl] 
ions and positively charged counterions, surrounding the 
hydrated clay particles. The types of positive ion absorbed 
(H+, Nat, and Ca++) have a marked effect on the bond. 
Maximum bond strength is attained when the hydrated 
particles are a critical distance apart.—J. McK. 

Ramming of Molding Sands. H. W. Dietert and A. L. 
Graham. (Amer. Found. Soc. Preprint No. 39, May, 1953). 
A survey is made of the effect of squeeze ramming pressures 
on the physical properties of four moulding sands. The sands 
are squeeze-rammed with pressures ranging from 1 to 400 
Ib./sq. in. on 2 in. dia. specimens and 1 to 1200 Ib./sq. in. 
on 14 in. dia. specimens. The green, dry, air-set and high 
temperature properties are determined on specimens prepared 
under various known squeeze pressures and the data are given 
as a guide for further research in high pressure moulding. 

New Methods in Metal Patternmaking. H. J. Jacobson. 
(Trans. Amer. Found. Soc., 1952, 60, 529-532). The use of 
pressure cast aluminium pattern castings is outlined, and a 
description is given of corebox and drier equipment used 
when working to close tolerances.—J. McK. 

Patterns for High Production Malleable and Steel Foundries. 
J. M. Kreiner. (Trans. Amer. Found. Soc., 1952, 60, 574-577). 
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The design, construction and complete standardization of 
pattern and corebox equipment for modern high-production 
foundries are described.—J. MCK. 

Pattern Apprentice Training Program. F. W. Burgdorfer. 
(Trans. Amer. Found. Soc., 1952, 60, 482-484). The establish- 
ment of joint inter-firm apprentice training programmes for 
patternmaking is advocated for each area where a foundry 
industry is centred.—J. McK. 

Feeding Range of Joined Sections. E. T. Myskowski, H. F. 
Bishop, and W. S. Pellini. (Amer. Found. Soc. Preprint 
No. 14, May, 1953). Joined cast steel plate sections of 
various thicknesses and lengths were investigated to deter- 
mine the distances which can be fed to obtain a sound joint. 
The effects of sections of different thicknesses are evaluated 
from known feeding distances of sections cast separately. 
In the joining of dissimilar sections the feeding distance for 
the larger section is to be reduced and that for the smaller 
section increased beyond that obtainable when the same 
sections are cast separately.—M. D. J. B. 

Velocities and Volume Rates of Metal Flow in Gating Systems. 
W. H. Johnson, H. F. Bishop, and W. S. Pellini. (Amer. 
Found. Soc. Preprint No. 33, May, 1953). The effect of 
sizes of sprue, runners, and gates on the velocity and volume 
rates of metal flow from gating systems were determined 
quantitatively by photographic and electronic measurement 
techniques. The effect of sprue height is dependent on 
whether the gating system is choked or free-flowing. Turns 
and long runner distances tend to produce the effects of 
geometric choking. For free-flowing systems, the quantity 
of metal is determined by sprue cup conditions, and flow 
velocities by conditions existing in runners and finger gates. 

Risering of Gray Iron Castings. W. A. Schmidt and H. F. 
Taylor. (Amer. Found. Soc. Preprint No. 43, May, 1953). 
The authors report on work being done at the Massachusetts 
Institute of Technology on the design and use of risers. 
Current practices and theories are examined. Common 
elements and gases in grey irons are studied.—m. D. J. B. 

A Simplified Analysis of Riser Treatments. C. M. Adams, 
jun., and H. F. Taylor. (Trans. Amer. Found. Soc., 1952, 60, 
617-623). The rate at which heat is lost from risers is 
calculated theoretically and formule are presented. — Riser 
treatment by using inert insulators and radiation shields, 
combustible carbonaceous material, exothermic materials, 
and applied external heat is studied.—s. Mck. 

Risering of Gray Iron Castings. W. A. Schmidt and H. F. 
Taylor. (Zrans. Amer. Found. Soc., 1952, 60, 211-217). 
Experiments are described in which the movement of the 
mould-metal interface during solidification of grey iron 
castings in green and dry sand moulds was measured. The 
shrinkage occurring with green sand moulds on pouring at 
different temperatures was also determined.—J. McK. 

Feeding Heads. M. R. Hinchcliffe. (Metal Ind., 1953, 82, 
Jan. 16, 43-46; Jan. 23, 67-70). The author discusses the 
wastage of metal in casting ingots due to the provision of 
feeding heads to compensate for solidification shrinkage. By 
careful design of insulated heads a much lower wastage figure 
is possible. The design, dimensions, and applications of 
insulated feeders for all classes of casting work are dealt with 
in detail. (11 references).—P. M. C. 

A Study of the Principles of Gating as Applied to Sprue-Base 
Design. K. Grube, J. G. Kura, and J. H. Jackson. (Trans. 
Amer. Found. Soc., 1952, 60, 125-136). Sprue-base design 
and the effect of various gating ratios on casting quality were 
investigated by model experiments in which water was poured 
in a transparent mould and the flow recorded by high-speed 
photography. Entrainment of air in the water represented 
dross formation during the pouring of molten metal.—J. McK. 

Conveyor Molding Standards. E. C. Reid. (Amer. Found. 
Soc. Preprint No. 16, May, 1953). The author presents 4 
method of developing time standards for mechanized moulding 
lines and determines standard conveyor line speeds, the 
number of men required to man the line and the basis for 
economic scheduling of castings assigned to the line. Time- 
study techniques and manpower distribution charts are 
proposed.—m. D. J. B. 

Induced Flow Process of Baking Oil-Bonded Cores. ©. T. 
Marek and R. J. Wimmert. (Amer. Found. Soc. Preprint 
No. 9, May, 1953). The author discusses the fundamentals 
of conventional core production including bonding principles 
of oil and water in a green core, and the thermodynamics 
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and chemistry of core drying. The induced flow process is 
also dealt with.—m. D. J. B. 

Developing Standard Data Tables for Core Finishing. L. L. 
Martin. (Amer. Found. Soc. Preprint No. 29, May, 1953). 
This paper discusses the problem of developing Standard 
Data Tables for finishing medium and heavy cores in a weight 
range from 15 to 1500 lb.—m. D. J. B. 

Veining Tendencies of Cores. (Amer. Found. Soc. Preprint 
No. 37, May, 1953). This progress report covers work on the 
physical properties of iron foundry moulding materials at 
elevated temperatures.—M. D. J. B. 

Influence of the Nature of Oven Atmosphere on Drying of 
Molds and Baking of Foundry Cores. G. Ulmer and M. 
DeCrop. (Trans. Amer. Found. Soc., 1952, 60, 234-246). 
The drying and baking of sand was studied theoretically and 
experimentally. The nature of the oven atmosphere was 
secondary in importance to the temperature of the atmosphere. 
In baking cores, sufficient oxygen to oxidise the binder is 
always present due to intake of air through the joints. In 
drying moulds, a superheated steam atmosphere gives regular, 
gentle drying, reducing the formation of cracks. Thermal 
balances are given.—J. McK. 

Resins and Sands for Shell Molding. M. F. Drumm. (Amer 
Found. Soc. Preprint No. 30, May, 1953.) The choice of a 
sand and the resin binder for shell moulding determine to 
a large extent whether a process will be successful and 
economic. The physical properties and the mechanism of 
the thermosetting reaction of resins are examined.—m. D. J. B. 

How to Increase Your Diecasting Output. L. F. Spencer. 
(Iron Age, 1953, 171, Jan. 8, 93-98). A number of die steels 
are classified according to the alloys to be die-cast. The 
importance of the correct selection and heat-treatment is 
stressed. For pack-hardening of the completed die, tests 
have shown that pitch coke is more suitable than charcoal 
or cast-iron chips; complete soaking at the hardening tempera- 
ture is essential.—a. M. F. 

Protective Coatings for Die-Casting Dies. W. M. Halliday. 
(Canad. Metals, 1953, 16, Jan., 28-30). After surveying 
difficulties caused by the high temperature in die-casting, the 
author goes on to discuss the die troubles encountered after 
prolonged use of dies. Hair-line fatigue cracking and alloy 
deposition are mentioned in this section. Die dressings are 
used to overcome these diffic ype and different types which 
are available are discussed.—s. Cc. B. 


F. E. (Sutter) Automatic Shell Moulding Machines. 
(Machinery, 1953, 82, Mar. 27, 593-595). Foundry Equip- 
ment, Ltd., Leighton Buzzard, Beds., have been licensed to 


manufacture and sell electrically-controlled automatic shell 
moulding machines, double roll-over core stripping machines 
and core blowing machines.—E. C. s. 

Mold Method Cuts Metal Casting Costs. R. T. Reinhardt. 
(Western Metals, 1952, 10, Oct., 43-45). A new mould- 
making process and machinery has been pioneered by 
Stanford University Graduate School of Business. The aim 
has been to produce Croning type shell moulds at a much 
lower cost than with conventional expensive patented 
equipment. A pilot model has been built which, it is 
claimed, can produce 1000 shells per day up to a maximum 
casting size of 1l in. xX 17 in. The machine is estimated to 
have cost about $3000 compared with the $25,000 and 
$40,000 units now on the market.—p. M. c. 

Special Techniques Used in Producing Extra Large Invest- 
ment Castings. (Western Metals, 1952, 10, Sept., 61-63). 
The investment or lost-wax method of precision casting is 
briefly described. The production equipment and special 
techniques developed by the Centrifugal Investment Casting 
Co. of California, are described and illustrated. Castings 
weighing from a fraction of an ounce up to 15 lb. are being 
produced.—pP. M. Cc. 

Pressure Casting in Polish Industry. J. Lutoslawski. 
(Przeglad Odlewnictwa, 1953, 8, 3, 75-78). [In Polish]. 

Australia’s First Fully Mechanised Automotive Foundry. 
E. 8. Davies. (Australian Found., 1952, 4, Dec., 3, 5, 7, 9). 
The author gives a general description of the plant and 
procedures at the foundry of General Motors-Holdens Ltd. 
at Melbourne. The core room, melting section, mechanized 
mould line, fettling section, and subsidiary services are dealt 
with.—P. M. Cc. 

Made in Fluidity Testing of Molten Metals During 
the Last Ten Years. A. J. Krynitsky. (Amer. Found. Soc. 
Preprint No. 71, May, 1953). The author discusses the 


SEPTEMBER, 1953 


merits of the spiral, straight-rod and VU fluidity test process. 
Modifications of the Bureau of Standards fluidity test mould 
are examined together with modifications of the Taylor, 
Rominski, Briggs, Eastwood and Kempf fluidity test moulds. 
Fluidity mould characteristics, shape and area of cross- 
section, gating and temperature measurements are discussed. 
The nature of the mould and casting technique can be 
neglected if adequate standardization is adopted and if 
attention is paid to composition and temperature. (28 
references).—M. D. J. B. 

A Solidification Dilatometer and Its Application to Gray 
Iron. R. P. Dunphy and W. S. Pellini. (Zrans. Amer. 
Found. Soc., 1952, 60, 783-788). Results are given of 
experiments made to determine the volume and temperature 
changes in an experimental grey iron casting during solidifica- 
tion. Expansion occurs owing to graphite formation during 
the eutectic solidification. The size ratio of riser and casting 
was found to have an important effect on the expansion. 

Impregnation Salvages Porous Castings. (Canad. Metals, 
1953, 16, Jan., 34-35). A process, using a thermosetting 
resin called Polyplastex MC., made by Polyplastex Inter- 
national Inc., is described for filling microporous voids in 
castings.—J. C. B. 

Investigation of Hot Tears in Steel Castings, Part I—Test 
Specimen for Evaluating Hot Tearing in Steel Castings. 


G. W. Johnson. Part II—Evaluation of Hot Tear Test 
Casting. G. A. Lillieqvist and J. H. Fuqua. Part II— 
Hot Tear Investigation. C. H. Wyman, C. A. Faist and 


G. Di Sylvestro. (Trans. Amer. Found. Soc., 1952, 60, 
137-162). Part I describes the development of a test casting 
to evaluate hot-tearing tendencies, a cylindrical ring poured 
with the axis horizontal through a single slot gate at the bottom 
being finally adopted. Part IL gives results of tests male to 
determine sensitivity and reproducibility of results, gate 
width being found to have an important effect on hot tearing. 
Part III describes an investigation using the test casting. 
Results are given showing the effect on hot-tearing tendency 
of hot spot concentration, density of the core used, differences 
in abeol composition and differences in core mixture used. 


Plastic Impregnated Castings Are Improved by ‘‘ Nu-Line,” 
Through Proper Testing Methods. J. B. Herr. (Western 
Metals, 1952, 10, Oct., 69-71). Methods of detecting porosity 
and leaks in plastic impregnated hollow castings are described 
and illustrated. One method consists of loading the casting 
hydraulically with water containing a dye, which fluoresces 


under ultra-violet light. Any leakage is easily seen on the 
outside of the casting. Castings with no more than two 
openings may also be tested with a novel electronic device 


which consists of introducing a quantity of freon into the 
sealed casting under pressure. Any leakage of freon through 
the casting wall is detected by passing between the anode 
and cathode of a cathode tube.—p. M. c. 


Gases and Naturally Occurring (Congenital) Blowholes in 
Foundry Practice. A. M. Portevin. (Trans. Found. 
Soc., 1952, 60, 109-124). The author prese nts a theory to 
account for the-occurrence of endogenous blowholes, i.e., 
blowholes due to the state of the metal itself and not caused 
by the method of pouring or reactions in the mould. These 
blowholes may be caused by gases dissolved in the liquid 
metal being discharged during the cooling or solidific sation of 
the metal, or by gases arising from chemical reactions taking 
place in the molten metal, or by gases in suspension or 
emulsion whose elimination is delayed.—s. mex. 


Melt Department Incentive Plan. E. G. Tetzlaff. (Trans. 
Amer. Found. Soc., 1952, 60, 432-438). An incentive plan 
is described under whic th bonuses are paid to melters working 
an electric furnace depending on quality of product, time 
saved and power saved.—J. McK. 

Actual Application of Motion Pictures in Foundry Motion 
and Timestudy. M. T. Sell. (Zrans. Amer. Found. Soc., 
1952, 60, 308-316). An electrically driven camera, taking 
1000 frames/min., was used to film the making of small cores. 
The times of the various elements of work were determined 
by turning the projector by hand and counting the frames. 
This technique gives much greater accuracy than stopwatch 
methods.—s. McK. 

Use of Standards in Controlling Costs. W. Busby. (Amer. 
Found. Soc. Preprint No. 44, May, 1953). The author 
examines the reduction in costs which the development and 
use of standards in the foundry industry can bring about. 
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The Foundryman Looks at Air Pollution. N. H. Keyser 
and H. P. Munger. (Trans. Amer. Found. Soc., 1952, 60, 
364-370). The suitability of various dry and wet methods 
of dust collection is discussed in relation to the particle size 
of the solid contaminants.—3J. McK. 

High-Speed Counting of Steel Foundry Dust Particles. 
G. M. Michie. (Engineer, 1953, 195, Apr. 3, 485-487). The 
principles upon which the ‘ flying-spot * microscope counting 
technique is based and the lines upon which it is being 
developed are described. A minute spot of light scans 
the dust particles deposited on a cover slip and an electrical 
pulse is generated each time the spot is obscured by a 
particle.— J. McK. 

How to Maintain Foundry Ventilation and Dust Collecting 
Systems. K. M. Smith. (Trans. Amer. Found. Soc., 1952, 
60, 485-496). Recommendations are given for the design 
and maintenance of ventilation and dust-collecting systems 
in the foundry. The author considers fans, ducts, hoods, 
air heaters, various types of dry and wet dust collectors, and 
sludge settling tanks.—J. McK. 

Air Pollution and the Cupola. J. C. Radcliffe and W. F. 
Delhey. (Zrans. Amer. Found. Soc., 1952, 60, 714-717). 
Results are given of the dust loadings found in the stack 
gases of an open-top cupola. Various dust collecting systems 
are discussed, and it is concluded that at present three types 
are capable of 90% collection efficiency—bag filters (glass or 
orlon), sonic wet agglomeration, and electrical precipitators. 


HEATING FURNACES AND SOAKING PITS 


Ordering and Acceptance of Soaking Pits. H. Kallenbach. 
(Stahl u. Eisen, 1953, 78, Apr. 9, 481-485). Because charging 
and operating conditions for soaking pits vary so much, 
specific heat consumption and output rates are almost 
meaningless. Important characteristics which should be 
specified when ordering new equipment are descibed.—4J. P. 

Automatic Control for Regenerative Soaking Pits. G. L. 
Isaacs. (Iron Steel Eng., 1953, 80, Feb., 75-78). The author 
describes the measures taken to increase soaking-pit capacity 
at United States Steel Corp. to meet increased steel pro- 
duction. Without building new pits, higher capacity is 
achieved by automatic controls which also improve quality, 
and reduce maintenance and scale loss.—m. D. J. B. 

Heat Transmission in an Experimental Furnace Chamber. 
D. Smith. (Sheffield University Fuel Society J., 1953, 4, 
59-64). A description is given of a laboratory-scale furnace 
which simulates a continuous reheating furnace. Trials 
were carried out at different rates of hearth loading. Some 
results are shown, indicating the importance of re-radiation 
from the refractory surfaces. A comparison between the 
measured re-radiation and that calculable from the existing 
theory is given. It is concluded that the design of such 
industrial furnaces is capable of theoretical treatment; also 
that burner design is an important factor governing heat 
transfer.—D. L. C. P. 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Twentieth Century Innovations in Heat Treating. B. 
Stoughton. (Metal Treating, 1952, 8, Nov.-Dec., 2-5). 
This is a brief general survey of plant, methods, and tech- 
niques developed during the past 50 years.—P. M. C. 

Metals Economy—III. Heat Treatment of Newer En Steels. 
R. Wilcock. (Leeds Metallurgical Soc.: Iron Coal Trades 
Rev., 1953, 166, Feb. 20, 411-415). The author discusses 
the modifications in En steel specifications which have 
resulted from restrictions on supplies of alloying elements, 
and describes the resulting changes in heat-treatment. He 
deals separately with direct-hardening and case-hardening 
steels.—G. F. 

Gas Carburizing Plant Improves Product and Output. 
P. Parfitt. (Machinist, 1953, 98, Mar. 28, 491-496). John 
Fowler and Co. (Leeds) Ltd., makers of diesel locomotives 
and crawler tractors, have recently installed a gas-carburizing 
plant which is described. The plant allows close control of 
case depth.—. C. 8s. 

Versatile Fixtures for High Production Gas Carburizing. 
T. A. Frischman. (Mat. Methods, 1952, 86, Dec., 109-111). 
The author discusses and illustrates various types of racks, 
trays, and specially constructed fixtures for carrying and 
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supporting components during passage through carburizing 
furnaces. The material used for such racks is a 35% Ni, 
15% Cr alloy steel.—r. m. c. 

Rapid Carburizing Process. (1st Report). Solid Carbonitrid- 
ing of Steel. M. Tagaya, A. Adachi and H. Kishimoto, 
(Nippon Kinzoku Gakkai-St, 1952, 16, May, 281-285). [In 
Japanese]. Hard deep cases can be produced at reduced 
temperatures by introducing various nitrogen compounds 
into pack carburizing media. At 750—850° C., a surface high 
in carbon and nitrogen can be hardened by quenching: the 
case resembles that from liquid or gaseous cyanide treatments. 
Optimum conditions of temperature, time and additions are 
described for several steels.—xk. E. J. 

The Application of Ratio Delay Principles to Heat-Treating 
Operations. ©.R. Weir. (Metal Treating, 1952, 3, Nov.—Dec., 
8, 9). In order to determine productive, idle, and maintenance 
times for a group of coutinuous atmosphere furnaces and their 
operators, ‘ ratio delay ’ or random sampling techniques were 
applied. Data are given which show that the furnaces were 
producing 85-7% of the time, with soaking and heat-changing 
accounting for another 7-5%. The operators, however, were 
productive for less than 40% of their time, and fewer men 
could clearly run the plant.—P. M. c. 

Method for Calculating the Diffusion Coefficient. M. E. 
Blanter. (Zavodskaya Laboratoriya, 1950, 16, 7, 888). [In 
Russian]. A nomogram is presented for finding the values 
of the diffusion coefficient required in the development of 
heat-treatment theory.—s. K. 

Flame Hardening of Large Diameter Thin-Wall Cylindrical 
Shells. G. A. Weber. (Welding J., 1953, 82, Jan., 37-43). 
The use of the flame-hardening process to ‘ through harden,’ 
progressively, thin-walled cylinders with a minimum of 
distortion is discussed, and a description is given of the 
flame-hardening machine.—w. E. 

Case Hardening of Austenitic Stainless Steels by the 
Carbidizing Process. L. M. Allen and D. Woodard. (Steel 
Processing, 1952, 38, Dec., 615-620). Exposure of stainless 
steels in a normal carburizing atmosphere results in a carbide 
precipitation that is considered deleterious, because the 
susceptibility to intergranular corrosion is increased. Details 
are given of a new carbidizing process using ‘ Wilcarbo’ 
compounds (marketed by the Wilson Carbon Co. Inc., New 
York). These compounds contain thermodynamically desir- 
able salts of titanium and vanadium, both of which form 
carbides preferential to pure chromium carbide, and suscep- 
tibility to intergranular corrosion is said to be diminished. 
Type 303 stainless steels specimens were treated with a 
Wilcarbo compound, sealed in boxes, heated for 2 hr. at 
1900° F., box cooled, and subsequently oil and brine quenched. 
Microstructures, case depths, and hardnesses are recorded. 
The carbides were approximately 1500 diamond pyramid 
hardness, the case matrix as a whole being about 285 D.P.H. 

Hardening Band-Saw Teeth. V. M. Iuferov. (Stanki i 
Instrument, 1952, No. 4, 38-39). [In Russian]. In the 
device for the continuous hardening of band-saw teeth 
described, the saw, teeth uppermost, is drawn at a constant 
speed through an oxyacetylene flame to which only the teeth 
are exposed. Immediately after emerging from the flame, 
the teeth are cooled by a stream of water.—s. K. 

Studies on the Quenching Media (2nd Report). The Cooling 
Ability of Various Aqueous Liquids. M. Tagaya and I. 
Tamura. (Osaka Univ., Fac. Eng. Tech. Rep., 1952, 2, Oct., 
209-222). [In English]. Cooling abilities of many solutions 
(dilute and rich, with volatile, non-volatile or intermediate 
solutes, and dispersions and colloidal solutions) were evalu- 
ated. The behaviour of water varies greatly with tempera- 
ture. With non-volatile solutes, cooling velocity is greater 
than that of water at 500-700° C. and less below 300° C.; 
with volatile solutes and colloids it is always less; and with 
rich salt solutions, it is as good at 500-700° C., but much 
smaller below 300° C.—x. §. J. 


FORGING, STAMPING, DRAWING AND PRESSING 


Crankshaft Production. (Automobile Eng., 1953, 48, Jan., 
23-32). The plant, equipment, and methods employed by 
Ambrose Shardlow and Co. Ltd. for the production of crank- 
shafts is described in detail and illustrated. The article deals 
with die sinking, drop forging, heat-treatment and fettling, 
and machinery.—»P. M. Cc. 
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One-Piece Boiler Drums Are a Big Forging Job. W. A. 
Hawkins. (Machinist, 1953, 98, Apr. 11, 571-577). Higher 
steam pressures in modern generating stations call for heavier 
boiler drums of steel 4 to 5 in. thick. These drums are 
forged in one piece starting from ingots weighing up to 
270 tons at the River Don works of the English Steel Corp.— 
E. C. S. 

America’s Largest Press and Draw Bench. M. Lorant. 
(Brit. Steelmaker, 1953, 19, Apr., 188-193). The largest 
vertical press in America, for forming boiler drum plate, 
and a new horizontal draw bench, for producing heavy wall 
hollow forgings, are now in operation at the Barberton, Ohio, 
works of Babcock and Wilcox Co. Details of the two mach- 
ines are given.—. F. 

Big Presses Tax Design Ingenuity. M.D. Stone. (Amer. 
Soc. Mech. Eng.: Iron Age, 1953, 171, Jan. 8, 99-103). Some 
design possibilities and trends, with particular reference to 
the 35,000-ton vertical die forging presses, the 20,000-ton 
extrusion press, and other large presses now under construc- 
tion at United Engineering and Foundry Co., are presented. 
The forging press has eight cylinders, a maximum opening of 
15 ft., a platen area of 24 ft. x 12 ft. and an idling speed of 
10 in./min. The extrusion press has five cylinders and can 
take a billet of 32 in. x 80 in.—a. M. F. 

Black-Bolt Heading Plant with Induction Heating. (Hngin- 
eering, 1953, 175, Feb. 13, 193-195). A new bolt-heading 
shop at the Darlaston works of Guest Keen Nettlefolds 
(Midlands), Ltd. is described. High-frequency electric 
induction heaters are used to heat the pins to forging 
temperature instead of the usual gas- or oil-fired furnaces, 
giving improved working conditions and negligible scaling of 
the pins. The layout of the plant has been improved and 
some of the operations mechanised.—J. McK. 

Progressive Die Has Two Tap Heads. G. W. Piper. 
(Machinist, 1953, 98, Apr. 11, 590-591). Drawn steel base- 
plates for the new Type-500 telephone set manufactured by 
the Western Electric Co. are finished, except for cleaning, 
in a large six-station progressive die operated at 45 strokes/ 
min. This includes tapping of two holes for mounting screws. 
The process is described.—F. C. s. 

Production Punching on Press Brakes. W. E. Peters. 
(Machinery, 1953, 82, Mar. 27, 573-578). Punching may be 
performed on a standard brake or on special machines with 
widened beds and rams. Standard machines are usually 
limited to straight line work such as producing a row of 
holes along the edge of a cabinet sheet. Points to be 
considered in selecting a method of punching include die 
strength, capacity of press brake, slug disposal, arrangement 
of dies to permit adjustment of centre distances between 
punching units, and provision for effective stripping.—.. C. s. 

Special Upsetting Equipment Used By Los Angeles Foundry 
to Make Oil Country Tubular, Solid Stock. W. H. Spiri and 
G. Haby. (Western Metals, 1952, 10, Oct., 64-66). Equip- 
ment and methods used by the Abegg and Reinhold Co. for 
upsetting and expanding the ends of tubes is described and 
illustrated. Subsequent screw cutting and flangeing operations 
are then carried out on the upset ends. A 14-in. Acme and 
a 4-in. National upsetting machines are used.—P. M. C. 

Cold Heading As a Method of Fabrication. L. F. Spencer. 
(Steel Processing, 1952, 88, Nov., 556-560, 569; Dec., 602-606, 
630). The author discusses typical materials and the sizes 
that can be formed by cold heading, the equipment that is 
available, typical applications and products of the process, 
and factors related to both tooling and tool design. (11 
references).—P. M. C. 

National Tube Starts Operation of New Extrusion Depart- 
ment. (Jron Steel Eng., 1953, 80, Mar., 155-157). This 
article describes a new extrusion department of United States 
Steel Corporation’s National Tube Division. The unit uses 
molten glass as a lubricant and employs the French Ugine 
Lejournet process for hot extrusion. The 2,500-ton press is 
capable of producing seamless tubing 14 to 64 in. outside 
dia. Production technique is briefly described.—m. pb. J. B. 

Cold-Forming Rocket Motor Bodies in Six Stages on a Press. 
(Machinery, 1953, 82, Mar. 13, 487-489). <A brief description 
is given of the cold-forming operations applied by General 
Motors Corp., Lancing, to make the propellant container for 
3}-in. anti-tank rockets. The container is 2 in. in dia. with 
a };-in. wall and the material is a Cr—Mo steel.—n. A. R. 

Developments in Stretch-forming Techniques. T. A. 
Dickinson. (Machinery, 1953, 82, Apr. 3, 633-636). As a 
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result of recent developments at North American Aviation, 
Inc., Los Angeles, Calif., it is possible: (1) To stretch sheet 
stock (and sometimes rolled sections or extrusions) over 
blocks that have compound contours; (2) to form sheets or 
sections of larger dimensions than formerly; (3) to reduce 
the amount of scrap material that must be trimmed from 
stretch-wrapped work; and (4) fabricate materials while they 
are in the soft, annealed, or half hard conditions.—k. c. s. 


The Requirements of Lubricants in Deep Drawing and the 
Removal of Residues. P. D. Liddiard. (Proc. Inst. Vitreous 
Enamellers, 1947-50, 9, 27-32). The author defines the 
requirements of lubricants and studies the applications of 
fundamental theories concerning rubbing surfaces in deep- 
drawing lubrication. Boundary lubrication and its theories, 
the function of lubricants, the influence of fatty materials, 
soap formation, ‘high-pressure’ and solid additives, soft 
metallic films, heat transfer, lubricant and water residues, 
decomposition products and the removal of residues are 
examined.—m. D. J. B. 

A Note on the Back-Pull Factor in Strip-Drawing. R. Hill. 
(J. Mech. Phys. Solids, 1953, 1, Jan., 142-145). Anexpression 
is derived for the back-pull factor in strip-drawing based on 
the slip-line field theory of Hill and Tupper. It is shown 
that the currently accepted formula of MacLellan, based on 
the approximate theory of Sachs, is appreciably in error when 
the reduction or the coefficient of friction is large.—R. A. R. 

Metallurgical Development in the Wire Industry. R. S. 
Brown. (Bull. Inst. Met., 1953, 4, May, 5-18). An historical 
account is given, from a metallurgical viewpoint, of the wire 
industry in Warrington from its commencement in the 
XVIIIth century. Rolling, drawing, lubrication and patent- 
ing are described. Special techniques used to combat wear 
and fatigue in wire ropes are discussed.—k. E. J. 


ROLLING-MILL PRACTICE 


Inertia Studies for Modern Mill Drives. T. B. Montgomery 

and J. F. Sellers. (Iron Steel Eng., 1953, 30, Feb., 89-97). 
The authors set out requirements for motor drive ratings 
for medium size tandem mills. Steady-shake power 
requirements are examined in detail, and attention is given 
to design parameters, choice of ratings, transient factors, 
economic considerations, strip tension, mill settings and 
controls.—. D. J. B. 
New Breaker Block Designed to Limit Roll Loads. W. H. 
Bailey. (Iron Steel Eng., 1953, 80, Feb., 99-101). The author 
describes a pressure-filled breaking piece to be fitted to 
rolling mills. The block developed by B.I.S.R.A. breaks 
consistently within 2% of the stated load.—m. D. J. B. 


Increasing Productivity of Fontana Blooming Mill. W. A. 
Vogt. (Iron Steel Eng., 1953, 30, Mar., 55-62). The author 
describes the original war-time purpose of the Fontana Works 
of the Kaiser Steel Corp., and the conversion and adaptation 
to peace-time requirements.—m. D. J. B. 

Lines of Transverse Deflection and the Deformation Grid of 
a Cross-Section of a Rolled Bloom. J. Gorecki. (Hutnik, 
(Katowice) 1953, 20, 1, 7-14). [In Polish]. Lateral flow of 
metal under non-uniform roll pressure is discussed. The 
determination of the deformation grid is explained on the 
basis of the author’s formula for the surface area laterally 
displaced. Experiments in rolling plasticine models are 
described. An experimental bar of square cross-section with 
rods inserted in two directions at right angles was rolled in 
an oval roll gap. In this manner the pattern of flow within 
the bar was followed, and compared with theoretical cal- 
culations.—Vv. G. 

Mechanization of 12 in. Bar Mill. G. A. Henderson. (Iron 
Steel Eng., 1953, 30, Mar., 107-112). This article describes 
the conversion of a Belgium type into a cross-country type 
mill at Bethlehem Steel Co. carried out in 16 days. The 
conversion has enabled the average production rate to go up 
from 27 to 37 tons/hr. Details of layout, plant and operating 
speeds are given.—M. D. J. B. 

Rebuilding of 12-in. Bar Mill. J. O. Dague. (Iron Steei 
Eng., 1953, 80, Mar., 114-121). This article gives a detailed 
account of the work involved in rebuilding a 12-in. bar mill 
at Bethlehem Steel Co. and of the careful planning required 
to carry out the operation in the limited time available. 


Measuring the Thickness of Sheets. T. Florkowski. (Hutnik, 
(Katowice), 1953, 20, 4, 135-139). [In Polish]. The 
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importance of continuous measurement of sheet thickness 
without actual contact is discussed and existing methods are 
outlined. Possibilities in Poland of utilizing a method based 
on the absorption of f-radiation are considered. Experi- 
mental apparatus and measurements made in the Physics 
Department of the Mining and Metallurgical Academy are 
described.—v. G. 

Rolling of Thin Strip. M. D. Stone. (Iron Steel Eng., 
1953, 80, Feb., 61-73). The author makes a detailed study 
of all factors affecting pressure and power required to roll 
strip. Mechanical and work hardening properties, plastic 
flow, frictional effects, roll flattening, front and back tension, 
ratio of roll diameter to strip thickness, speed and extrusion 
effects and a number of other factors are examined. The 
author concludes that high-speed rolling of thin strip is best 
done on four-high mills with small work rolls and driven 
back-up rolls. (22 references).—m. D. J. B. 

A Note on the Theory of Rolling with Tensions. D. R. 
Bland and R. B. Sims. (Inst. Mech. Eng., Advance Copy, 
Feb. 16, 1953). A modification is proposed to overcome the 
difficulty met in applying Bland and Ford’s simplified theory 
of strip rolling to passes where heavy back tensions are 
applied. An equation for the roll force is evolved and 
compared with those of Orowan and of Bland and Ford. 
Experimental and calculated values of roll force given show 
an accuracy to within 10%.—P. M. c. 

Limiting Reduction of Soft Carbon Steel Rolled without 
Intermediate Heat-Treatment. (Biuletyn Informacyjny Insty- 
tutow Ministerstwa Hutnictwa, 1952, 4, 1, 1-3; Hutnik 
(Katowice), 1953, 20, 1). [In Polish]. In order to find the 
limits of reduction which can be used without intermediate 
heat-treatment, a number of rolling trials were made. Steel 
strip 115 mm. wide and 2-85 to 3:40 mm. thick (C-0-1, 
Mn-0-4, P—0-028, S-0-036, Cu—0-21 and Cr—-0-01%) was 
rolled using rolls 100 and 200 mm. in dia. until the first signs 
of cracking appeared. Single reductions of 10 to 31% were 
carried dut, all other rolling conditions being kept constant. 
Microstructure and mechanical properties of the strip obtained 
were tested. Reductions of 80% and even 90% could be 
obtained. Rolling with 10-20% reduction per pass permitted 
greater total reduction.—v. G 

Steel Defects Commonly Attributed to Heating. G. Boal. 
(Iron Steel Eng., 1953, 80, Mar., 64-67). The author.discusses 
defects arising in rolling as a result of non-uniform heating. 
Typical defects in the rolling of ingots and bars, and de- 
carburization, are examined.—. D. J. B. 


MACHINERY FOR IRON AND STEEL PLANT 


Electrical Telemetering and Automatic Process Control. 
J. R. Boundy. (Hlectronic Eng., 1953, 25, Apr., 154-159; 
May, 198-201). The author gives an historical survey of 
electrical telemetering, and cites examples of its applications 
to the field of automatic process control.—L. H. 

Universal Machine for Cutting and Forming Sheet and Plate. 
(Engineering, 1953, 175, Feb. 20, 236-237). The machine 
described, one of the Swedish Pullomac series, can be adjusted 
for straight-, circle- or slot-cutting of sheet or plate. The 
upper cutter can reciprocate vertically at up to 2800 strokes 
min. Special tools are fitted for various forming operations 
such as doming, beading and folding, and for cutting and 
forming louvres.—J. McK. 

Process of Cutting Metal ‘ by Bite’ Seen from Its Micro- 
structure and Hardness Distribution. W. Ota. (Nippon 
Kinzoku Gakkai-Si, 1952, 16, Jan., 51-56). [In Japanese]. 
Considerations of structure and hardness lead to a suggested 
mechanism of plate cutting by a shearing machine, in terms 
of (a) local compression, (b) local contraction, and (c) breaking 
down. Cutting is a succession of breaking down of parts by 
shear. (13 references).—kX. E. J. 

Steelworks Ladle Cranes. (Engineer, 1953, 195, Apr. 3, 
505-506). A description is given of the design of two cranes 
of 250 tons capacity for handling the casting ladles and two 
cranes of 125 tons capacity for hot metal charging purposes, 
installed in the new Shotton steelworks.—J. McK. 

Calculation of Pressures on the Running Wheels of an 
Open-Hearth Charging Machine. S. Zygmuntowicz. (Hutnik 
(Katowice), 1953, 20, 4, 145-147). [In Polish]. 

A Simplified Automatic Ingot Buggy—Operating Require- 
ments. I. N. Tull. (Jron Steel Eng., 1953, 30, Mar., 84-85). 
Requirements affecting the design of ingot bogies are dis- 
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cussed and some ae a of bogies for different ingot weights 
are described.—R. A. R. 

A Simplified Automatic Ingot Buggy—Electrical System. 
H. 8S. Fegely. (Iron Steel Eng., 1953, 30, Mar., 86-91). 
The basic requirements of the electrical system for controlling 
ingot bogies are outlined. Technical data are present for 
a bogie weighing about 13 tons carrying an ingot of about 
the same weight. The Lilly controller, a mechanical safety 
device is described.—R. A. R. 


LUBRICANTS AND LUBRICATION 


Cylinder Wear—How to Measure It, How - Reduce It. 
(S.A.E. J., 1952, 60, Dec., 44-50). This is summary of 
seven papers presented at the S.A.E. Sieiinaise Meeting of 
June 4, 1952. It deals briefly with physical and radioactive 
techniques for measuring cylinder and engine wear, and 
indicates how these methods are being used to evaluate the 
wear reducing properties of various oils and additives. 

Mechanical Testing of Gear Lubricants. J. R. Hughes and 
R. Tourret. (Engineering, 1953, 175, Feb. 13, 200-203; 
Feb. 27, 257-259). Two rigs for testing gear lubricants are 
described, the first actually using gears designed to run at 
variable speeds and loadings and the second a simulation-type 
rig in which the surfaces of two discs slide against two flat 
surfaces loaded by air pressure. A comparison of results 
obtained using a number of different lubricants on each of 
the test rigs showed reasonable correlation.—s. Mck. 

Effect of Lubricant on Gear Performance. V. N. Borsoff 
and 8. 8. Sorem. (Iron Steel Eng., 1953, 30, Feb., 83-88). 
The authors study gear failures, notably due to tooth 
breakage, tooth fitting, scoring, abrasion, chemical wear, 
corrosion, overheating, and foaming, and then go on to 
mechanical and lubrication methods of improving gear 
performance. (12 references).—M. D. J. B. 


WELDING AND FLAME-CUTTING 


High Current Tungsten Arc in Argon, Helium, and Their 
Mixtures. M. Skolnik and T. B. Jones. (Welding J., 1953, 
82, Jan., 55s—64s). A study was made of the properties of 
the high current D.C. electric are in argon, helium, and their 
mixtures at atmospheric pressure. Tungsten rod electrodes 
were used over a current range of 10-100 amp. This type 
of are was very stable when the system was free from oxide 
impurities and the cathodic processes played a major réle 
in the arc mechanism. The value of the anode voltage drop 
for the inert-gas are seems to be negligibly small. It was 
observed that the properties of the arc in these gas mixtures 
were in between the properties observed in the pure gases 
with at least 15% argon present in the mixture, the are 
properties and appearance were more like those observed in 
argon than in helium.—v. E. 

Continuous Inert Arc Welding. (Canad. Metals, 1952, 15, 
Nov., 45-46). This process can be carried out with or 
without the filler metal used as one of the electrodes. 
Tungsten has been used as an electrode and the work is 
enveloped in either argon or helium atmosphere. Magnesium 
alloys can be welded as well as most of the other weldable 
metals. A disadvantage is the need to use expensive gases 
such as argon or helium. General Electric Co. have developed 
an automatic process called * Fillerweld ’ which uses a water- 
cooled inert are oe or gun with a non-consumable tungsten 
electrode.—s. c. 

On the Welding ‘Are Atmosphere. I. Onishi and Y. Kikuta. 
(Osaka Univ., Fac. Eng. Tech. Rep., 1952, 2, Oct., 233-246). 
[In English]. Studies were mace ‘of arc atmosphere com- 
positions, and the effects of electrode coatings on them. 
Hydrogen content is almost independent of water content 
in the coating for organic coatings, but varies with it when 
inorganic coatings are used. Relationships were found 
between the water content in the coating, partial pressure of 
hydrogen in the atmosphere, and dissolved hydrogen in the 
weld metal when the same type of electrodes were considered, 
but not when different types were compared.—k. E. J. 


The Problem of the Reaction of Phosphorus and Sulphur 
during Submerged-Arc Welding under High-Manganese 
Fluxes. K. V. Liubavskii and M. M. Timofeev. (Avtog. 
Delo, 1950, No. 3, 5-11). [In Russian]. Metallurgical prob- 
lems involved in the use of high-manganese fluxes in 
submerged-are welding are examined, with special reference 
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to the transfer of phosphorus and sulphur from the flux to 
the metal, in the light of technical experience, information 
in the literature, and original experiments.—s. kK. 

The Preheating and Postheating of Pressure Vessel Steels. 
R. D. Stout. (Welding J., 1953, 32, Jan., 14s—22s), A 
summary is given of present knowledge concerning the effects 
of preheating and post-heating on the soundness and 
mechanical properties of welds. Pre- and _post-heating 
temperatures are reported for various carbon contents and 
thicknesses of the grades of steel commonly used for pressure 
vessels.—U. E. 

Spot Welding of Low-Carbon Steels 24 S.W.G. and }{-in. 
Thick. H. E. Dixon and J. E. Roberts. (Welding Res., 
1953, 7, Feb., 3r—15r). The experimental technique used 
to determine the optimum spot welding conditions for 
24 S.W.G. mild steel sheet is described.—v. E. 

On the Expediency of the Bend Testing of Welded Joints. 
A. M. Makara and B. S. Kasatkin. (Avtog. Delo, 1950, 
No. 5, 6-18). [In Russian]. Investigations which indicated 
that the bend test is not a satisfactory method of evaluating 
the quality of a welded joint are reported.—s. k. 

Experiences in Welding Blast-Furnace Shell Plates. V. I. 
Mel’nik and R. G. Sheiderov. (Avtog. Delo, 1950, No. 6, 
25-26). [In Russian]. Welding methods suitable for plate 
thicknesses over 20 mm. are discussed, and their application 
to the welding of vertical and horizontal joints in blast 
furnace shell plates is described.—s. Kk. 

Wear and Operation Problems in Maintenance. F. J. 
Gaydos. (Welding J., 1953, 32, Jan., 44-49). Examples are 
given of welding jobs for routine maintenance in a large steel- 
works.—v. E. 

Welding Distortion in Structural Steel Work. V. J. H. 
Taylor. (New Zealand Eng., 1952, 7, Sept., 351, 352; Nov., 
431, 432). The causes of distortion in welded structures are 
enumerated as heat, restraint, and welding. The effect of 
thermal expansion, and the resulting build-up of internal 
stresses is discussed, and the occurrence of permanent 
distortion when such stresses are restrained is dealt with. 
The factors which influence the degree of distortion are the 
position of the neutral axis, welding procedures and sequences, 
rigidity, the relative sectional areas, and deep penetration 
high-speed welding.—P. M. c. 

A New Maintenance Tool for Steel Mill Use. J. J. Barry. 
(Iron Steel Eng., 1953, 80, Mar., 92-97). This article describes 
light manual welding equipment consisting of a wire-feed 
unit, delivering the electrode wire through a gun. Welding 
current is supplied by a conventional D.C. generator. The 
general applications to steelworks requirements on main- 
tenance work is described.—m. D. J. B. 

Weldability of Rimming Steel. P. N. Berezkin. (Avtog. 
Delo, 1950, No. 5, 21-22). [In Russian]. Experience in the 
welding of relatively thin rimming steel sheet for tractor 
engine manifolds is considered.—s. kK. 

Calculation of the Alloying of Deposited Metal in Electric 
Arc Welding. P. 8. Elistratov. (Avtog. Delo, 1950, No. 4, 
10-12). [In Russian]. Factors governing the transfer of 
alloying elements during welding to the deposited metal from 
the electrode or electrode-coating are considered. A nomo- 
gram is presented relating the transfer coefficient, the amounts 
of the element in the weld metal, the electrode coating, and 
the core, and the weight of coating per unit weight of core. 


Nickel-Clad Steels Welded by Shielded Metal-Arc Process. 
R. G. Lyall. (Iron Age, 1953, 171, Jan. 15, 102-103). The 
welding of products fabricated from clad steels by the inert- 
gas-shielded metal arc process are described. By this method 
iron pickup in the weld is avoided. The uncoated welding 
wire and the inert gas blanket protect the weld zone and 
account for the clean welds; no slag removal is required. 

Brazed, Welded Tubing Coated for Corrosion Protection. 
H. Chase. (Iron Age, 1953, 171, Jan. 29, 118-119). The 
manufacture of tubing of } to 1 in. in dia. at the Rochester 
Products Div. of General Motors is briefly described. In one 
process double-walled tubing is formed from two strips with 
overlap brazed joints. For sizes below # in. the tube is 
drawn in a secondary operation. Copper, tin or lead coating 
is applied in a continuous process. In some cases an electro- 
lytic coating of copper can be put on to a thickness of 
0-0004 in. at the rate of 40 ft./min.—a. M. F. 

Welding Stainless Steel Has Its Problems. W. G. Blackwell. 
(Steel, 1953, 182, Apr. 6, 138-139). The means of minimizing 
troubles encountered in the welding of stainless steel are 
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reviewed. The properties of carbon, chomium, and chromium- 
nickel steels are compared to explain the different techniques. 

How to Design Good Joints for Brazing. W. J. Van Natten. 
(Iron Age, 1953, 171, Jan. 15, 95-98). In designing joints for 
brazing, lap joints should be used wherever possible; butt 
joints should only be used where leak tightness and strength 
are unimportant. Joint clearance is a factor in obtaining the 
maximum strength for a given design and there is an optimum 
for each type of filler metal; recommendations are given. 
Examples of good and bad joint design are shown.—a. M. F. 

Chromium Recovery During Submerged Arc Welding. F. G. 
Harkins. (Welding J., 1953, 82, Feb., 111s-112s). The author 
discusses underbead weld cracking due to chromium losses in 
stainless steel when welded by the submerged are welding 
process.—v. E. 

Study of Gas Cutting. I—On the Length of Visible Oxy-Gas 
Stream and the Divergent Nozzle. K. Nakamura and Y. 
Nakamura. (J. Mech. Lab., 1952, 6, July, 137-141). [In 
Japanese]. Cutting speed at constant pressure and plate 
thickness was measured on a variable speed oxy-acetylene 
cutting machine, using standard and divergent nozzles. 
Cutting efficiency was correlated with length of visible oxy- 
gas stream. Increases of 10-15% in cutting speed were 
possible with the divergent nozzles. For maximum increase 
in cutting speed there is an optimum pressure for each 
nozzle diameter.—J. G. Ww. 

Deformation of Sheets during Oxy-Acetylene Cutting. G. L. 
Petrov. (Avtog. Delo, 1950, No. 6, 15-20). [In Russian]. 
An account is given of work carried out on the measurement 
and calculation of deformation during the oxy-acetylene 
cutting of sheet steel of medium thickness. In general, 
deformation is similar to that produced by making a bead- 
weld along the edge of a sheet and can be calculated by 
Okerblom’s method.—s. kK. ; 

Apparatus for the Oxygen-Flux Cutting of Chromium and 
Chromium-Nickel Steels. S. G. Guzov and O. Sh. Spektor. 
(Avtog. Delo, 1950, No. 6, 11-15). [In Russian]. Various 
methods used for cutting chromium and chromium-nickel 
steels are critically reviewed with special reference to the 
quality of the edges produced.—s. k. 

Petrol-Oxygen Cutting of Steel under Water. M. G. Makeev. 
(Avtog. Delo, 1950, No. 5, 14-16). [In Russian]. The special 
features of the under-water cutting of steel are considered 
with reference to the successful use of petrol-oxygen flames. 
Tests with thick (or multi-layer) specimens 10 to 100 mm. 
thick are described, in which heating and cutting rates and 
fuel and oxygen consumptions were measured.—s. K. 

Oxygen and Arc Cutting of Material for Charging. S. V. 
Begun. (Avtog. Delo, 1950, No. 3, 23-24). [In Russian]. 
The productivities and costs of the flame and arc methods 
of cutting steel scrap of various types are considered.—s. K. 

Metallurgical Effects of Oxygen Cutting Alloy Steel. 
(Armour Plate.) F.C. Saacke. (Welding J., 1953, 82, Jan., 
19-30). The data presented are taken from results of an 
investigation on the effects of oxygen cutting on the weld- 
ability of armour plate. Effects of variables on the hardness 
of the outer fusion zone and the hardened base metal zone 
are discussed.—v. E. 


MACHINING AND MACHINABILITY 


Recent Developments in the Machinability of Steel. K. J. B. 
Wolfe. (Inst. Mech. Eng., Advance Copy, Nov. 21, 1952). 
Recent work on the effects of hardness, rate of work harden- 
ing, microstructure, manganese segregations, and the size of 
lead globules on machinability is described. The effects on 
surface finish of speed in turning and some aspects of interest 
which arise under conditions of intermittent cutting are 
included. The effect on ‘ cutability’ of surface austenite 
and metallic segregations is discussed with reference to 
microradiographic examination of used tools. A general 
description is given of the properties and performance of 
milling cutters produced by a casting process. Developments 
in the field of cutting fluids are noted. The possible uses of 
ceramic materials and low tungsten and molybdenum high- 
speed steels as cutting tool materials is mentioned. (47 
references).—P. M. C. 

Machinability Studies Compare Cast and Wrought Steels. 
(Iron Age, 1953, 171, Jan. 22, 102-104). The Steel 
Founders’ Society of America have carried out tests on seven 
widely used cast steels prepared in eighteen different heat- 
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treatments. Tool life against cutting speed curves are 
presented and a comparison is made with wrought steels. 
Indications are that cast and wrought steels of similar micro- 
structure have comparable machining characteristics when 
high-speed steel tools are used.—a. M. F. 

The Effect of Structure on Machining Characteristics of 
Steel. V.H. Erickson. (Metal Treating, 1952, 8, Nov.—Dec., 
6, 7, 23). The author describes briefly the structure of a 
pearlitic steel, pointing out the differences in hardness 
between ferrite and cementite. The relative merits of 
lamellar and spheroidal structures are mentioned in connection 
with the cutting action of a tool.—p. M. c. 

Studies on the Stressed Layer (Ist Report). Influence of 
the Stressed Layer upon the Ratio of the Dimensional Change 
Produced by Quenching. K. Ogawa and E. Tsuji. (Nippon 
Kinzoku Gakkai-Si, 1952, 16, May, 256-259). [In Japanese]. 
Investigations were made on specimens from which residual 
stresses had been removed. The depth of stressed layer 
produced was greater in the case of low-velocity turning than 
with several other machining methods, being least with 
superfinishing. Dimensional changes produced by quenching 
at 850° C. were in the same order, and were smaller when 
specimens were annealed after machining.—kx. E. J. 

The Measurement of Surface Finish by Pneumatic Gauging. 
M. Graneek and H. L. Wunsch. (Engineering, 1953, 175, 
Apr. 17, 505-507). Two types of pneumatic comparator are 
described which measure surface roughness by indicating the 
pressure change when compressed air escapes from a jet held 
against the surface. Cylindrical surfaces can be examined by 
using a slit type of jet. Good correlation was forined between 
this method and the centre-line average method.—J. mck. 

Which Method to Evaluate Surface Roughness? I. Goldman. 
{Mat. Methods, 1952, 36, Dec., 89-93). The author briefly 
describes the equipment, and relative merits and applications 
of the following methods of surface analysis: Photomicro- 
graphy, plastic replicas, surface profile analysers, optical 
reflection (interference), and visual observation with binocular 
microscope. Special methods including the use of the electron 
microscope, electron diffraction, parallel plane clearance, gas 
and liquid adsorption, and an electrolytic method are briefly 
reviewed.—P. M. C. 

Electric-Spark Method of Machining Shaped Hard-Alloy 
Cutters. F. F. Cherepanov. (Stanki i Instrument, 1952, 
No. 4, 31-32). [In Russian]. The following device is satis: 
factory for the electric spark sharpening and shaping of hard 
alloy-tipped cutting tools. The spindle of a lathe is provided 
with a chuck holding the cutting disc, to which a negative 
charge is passed through a copper-graphite brush. The 
machined part is given a positive charge, the device for 
holding it and the automatic feed head being insulated from 
the lathe-stand. Copper was a better material for the cutting 
dise than iron or steel, showing less wear and being easier to 
shape. Highest productivity was obtained at 50 V. and 
25-30 amp., using machine oil as the liquid. Lower voltages 
and currents are used for finishing.—s. kK. 

Use of Ceramic Materials for Cutting Metals. A. I. Isaev, 
N. N. Zorev, and L. K. Kuchma. (Stanki i Instrument, 1952, 
No. 4, 12-15). [In Russian]. After a general review of 
desirable cutting-tool properties, the use of mineral materials 
for tipping such tools is discussed. Best results are given 
by the alumina-base refractories TsV-13 and TsM-332. The 
former, with cutting properties equal to those of hard alloys, 
is in semi-industrial production; the latter, with greatly 
superior cutting properties, has only been produced on the 
laboratory scale. Comparative cutting curves for tools 
tipped with these materials and with hard alloy are given, 
and various methods of fixing the ceramic plates are described. 


New Grinding Technique Speeds Extruded Tube Production. 
(Canad. Metals, 1953, 16, Jan., 46-47). A grinding technique 
employing two coated abrasive belts on a centreless grinder is 
described. A grinding rate of 2 lb. of stock removed from a 
15 ft. length of 23 in. outside diameter tubing in 2 min. has 
been obtained. The method was developed primarily for 
grinding stainless steel and other high-alloy tubes produced 
by the Ugire-Sejournet extrusion process in which the hot 
steel billet is forced through a fibreglass lubricated die. 

Development of Cutting Theory of Abrasion—Study of 
Abrasive Belt Grinding. H. Takeyama. (J. Mech. Lab., 1952, 
6, July, 167-173). [In Japanese]. The author has studied 
variation with time of abrasion efficiency and with the ratio 
of vertical and horizontal components of abrasive force, using 
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a specially designed belt abrading machine. The results are 
interpreted in terms of a theory based on Merchant’s theory 
of cutting.—3. G. w. 

Grinding-Action Theories of Wheels. II—On the Wear of 
Wheels. H. Watanabe. (J. Mech. Lab., 1952, 6, Dec., 
207-209). [In Japanese]. An empirical relation between 
wear, cutting force, wheel strength, abrasive and bonding 
agent strength, grain size and spacing, is obtained from 
experiments.—J. G. Ww. 


CLEANING AND PICKLING 


Electrolytic and Chemical Polishing of Metals. U. Tragardh. 
(Tekn. Tidskr., 1953, 88, Mar. 10, 185-189). [In Swedish]. 
Theories advanced by Jacquet, Elmore and Hoar to explain 
the mechanism of electropolishing are reviewed. The method 
has many advantages as opposed to mechanical polishing 
with metallic oxides. These include: No work hardening, easy 
detection of hair-line cracks in castings, and it leaves a good 
corrosion-resistant surface. Suitable electrolytes, current 
densities, voltages and polishing times for treating stainless 
and carbon steels, brass, copper and aluminium are listed. 


Barrel Finishing—Applications of Equipment and Methods 
Developed by Fox Chemical Engineering Works, Ltd. (Machin- 
ery, 1953, 82, Apr. 3, 629-632). The above firm has developed 
the Polymotion barrel, which is described. It is claimed that 
barrel finishing is capable of many applications in the finishing 
of precision parts.—E. ©. s. 

Cold Cleaner Cuts Costs. D. C. Miner. (Steel, 1953, 182, 
Mar. 16, 100-101). Some information is given on the advan- 
tages of a new cleaner (a powder and a liquid called Houghto- 
Clean 440 and 439) which, mixed with water, can be used 
cold and under pressure to remove machining oil and drawing 
lubricants from metal parts.—R. A. R. 

Pickling Special Steels. G. Batta, L. Scheepers, L. Winandy, 
and G. Dallemagne. (Rev. Mét., 1953, 50, Jan., 49-56). 
A study of the action of various solutions on the oxide layer 
of 18/8 steels indicates the use of ferric sulphate as an oxidiser 
in the presence of hydrofluoric (or, more economically, H,SO, 
or HCl) acid. Such a mixture suppresses the loss of steel 
accompanying the use of ternary mixtures of hydrofluoric, 
hydrochloric and nitric acids, and permits the use of certain 
inhibitors destroyed by the latter.—a. «a. 

Modern Methods of Metal Preparation for Vitreous Enamel- 
ling./ H. Silman. (Proc. Inst. Vitreous Enamellers, 1947-50, 
9, 58-60). The author stresses the need for the cleaning of 
metals before enamelling and discusses the methods of 
preparing castings and sheet metal. Solvent degreasing, 
degreasing plant, solvent distillation, alkaline cleaning 


‘solutions, electro-cleaning and pickling are studied.—. P. J. B. 


PROTECTIVE COATINGS 


Metals. Economy—lII. Effect of Metal Shortages in the 
Electrodeposition Industry. A. W. Wallbank. (Jron Coal 
Trades Rev., 1953, 166, Feb. 13, 363-367). The effect of 
shortages of various metals on the British electro-deposition 
industry is surveyed and the underlying causes of the 
shortages are discussed. Possible substitutes are considered, 
and important economies which may be made as a result of 
recent research work are described.—c. F. 

Chromizing Steel Provides Corrosion, Wear Resistance. 
(Western Metals, 1952, 10, Sept., 54-56). The chromizing 
of both low and high carbon steels is discussed, and examples 
of parts thus treated are illustrated. Brief details are given 
of the process developed by the Chromizing Co. of California, 
which is claimed to be simpler and less costly than processes 
previously tried.—pP. M. c. 

Properties of Electrodeposited Nickel. (Metal Finishing, 
1952, 50, Dec., 59-62; Metal Ind., 1953, 82, Jan. 16, 47-48). 
The hardness, tensile strength, and other properties of nickel 
deposits can be varied over a wide range by suitable choice 
of plating bath. Plating baths may be divided into three 
groups: Bright, high-chloride, and Watts-type baths. The 
mechanical and physical properties of nickel plate from each 
type of bath are recorded and discussed.—P. M. C. 

Proper Heat Applied to Galvanizing Pot Gives Good Coating, 
Long Pot Life, and Fast Production. M. Mysell. (Western 
Metals, 1952, 10, Aug., 46-48). The design of a galvanizing 
bath with overall dimensions of 14 ft. x 7 ft. 6 in. (depth 
not specified) is described. The bath is heated by 18 gas 
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burners located below the floor line, and fitting into a refrac- 
tory bed of carborundum. Temperature control is also 
discussed.—P. M. C. 

Recovery of Tin from Scrap Tinplate. A. J. Krombholz. 
(Iron Steel Eng., 1953, 80, Mar., 98-105). This paper describes 


,/® detinning and tin recovery scheme operating «t Weirton 


Steel Co. for scrap produced in its tin mills. The author 
considers the chemical aspects and practical operation of the 
process. The purity of the recovered tin and other economic 
aspects are considered.—um. D. J. B. 

Aluminium Coatings Applied to Steel by Many Methods. 
E. M. Smith. (Mat. Methods. 1952, 36, Dec., 105-108). The 
following methods of applying aluminium coatings to steel 
are briefly described: Spraying, calorizing, hot dipping, roll 
cladding, electroplating, and vapour plating. The applica- 
tions of each method are discussed with reference to the size 
and shape of the object, the appearance desired, and the 
service conditions to be encountered.—P. M. C. 


Carbide Hardfacing by New Inert-Gas-Arc Method. J. J. 
Barry. (Mat. Methods, 1953, 37, Jan., 80, 81). A method of 
hard facing, by pouring tungsten carbide particles into a pool 
of the molten base metal formed by an inert-gas-shielded arc, 
is described. The process gives automatic fast deposition, 
a shallow heat-affected zone, good bonding, and little dilution 
of the carbide particles. The best size for the particles is 
30-40 mesh, and the hardness of the matrix ranges between 
48-51 Rockwell C for a steel base.—pP. mM. c. 

Cladding of Low-Carbon Mild Steel with Stainless Steel. 
C. Murski, R. Wusatowski and Z. Misiolek. (Prace Instytutu 
Metalurgii, 1952, 4, 5, 345-355). [In Polish]. The develop- 
ment of cladding in Poland and abroad is outlined and the 
authors’ own method is described. The structure and 
mechanical properties of sheets are checked at various stages 
of production.—v. G. 

Industry Gets Chemically Clean Steel Drums. (Jron Age, 
1953, 171, Jan. 15, 100-101). The Granodizing process for 
hot-rolled steel drums not only frees them from grease, oil, 
dirt, and scale, but protects them by a rust-inhibiting non- 
metallic crystalline zinc phosphate coating over the inner and 
outer surfaces, leaving a good surface for paint adherence. 
The layout of a plant for carrying out this process is described. 


Phosphating-Plant Requirements. A. W. Putnam. (Metal 
Ind., 1953, 82, Jan. 30, 89-92). The majority of phosphating 
processes comprise operations which can be grouped under: 
Cleaning, phosphating, and finishing. The requirements and 
methods employed at all stages in the process are discussed in 
general terms.—P. M. C. 

Phosphating—Performance and Control. R. J. Brown. 
(Metal Ind., 1953, 82, Feb. 13, 125-128). The author outlines 
the types of cleaner and rinse solutions used in phosphating 
processes, and the various effects of different cleaning pro- 
cesses on the quality of the phosphate coating are discussed. 
Process control and the care of solutions are dealt with. 

Formulae for Calculating the Composition of Phosphatizing 
Baths. J. Kamecki and W. Drozd. (Prace Instytutu 
Metalurgii, 1952, 4, 5, 377-384). [In Polish]. Formule for 
calculating the total P,O; content in zine phosphatizing baths 
(without accelerating agents) at temperatures of 25° and 98° C. 
are derived.—v. G. 

Relative Action of Various Alkaline Solutions on Enamels. 
H. R. Toler and J. T. Roberts. (Bull. Amer. Ceram. Soc., 
1953, 82, Mar., 92-95). A study of the resistance of two 
dry-process and two wet-process enamels to eight common 
alkaline solutions, showed that: (1) Order of severity of attack 
by the eight alkalis varied with each enamel; (2) increasing 
concentration between 0:1 and 0:5N rence Sy had a much 
more pronounced effect than any corresponding increase 
between 0:5 and 1-0N; and (3) rate of attack generally 
doubled for each 15° F, rise in temperature.—e. c. s. 


PROPERTIES AND TESTS 


The Initial Yield in Iron. H. W. Paxton. (J. App. Phys., 
1953, 24, Jan., 104-105). Stress concentrations in single 
crystals of iron can be removed by suitable prestressing and 
ageing, a considerable rise in the upper yield stress resulting. 

Theory of Breaking Strength. I—Static Strength. H. 
Suzuki. (Nippon Kinzoku Gakkai-Si, 1952, 16, Jan., 19-23). 
[In Japanese]. A formula connecting breaking strength of 
a crystal and its thermodynamic functions was obtained: it 
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agrees with that of Fiirth for special circumstances. It is 
successfully applied to problems such as tensile testing with 
internal stress or hydrostatic pressure, but fails to evaluate 
the strength in the compression test.—kK. E. J. 


The Behaviour of Metals Under Tensile Loads of Short 
Duration. J. Gibson. (Inst. Mech. Eng., Advance Copy, 
Feb. 28, 1953). The dynamic yield strengths of various 
metals including a Ni-Cr—Mo steel, a low-alloy steel (En 100), 
and cast irons, were determined using constant loads of 5 
and 10 millisec. duration. The loads were produced by the 
longitudinal impact of a brass bar 58 ft. long. Measurements 
of stress and strain were made during the tests and a com- 
parison of static and dynamic strengths: was made on the 
basis of a 0:1% proof stress. For a material with a yield 
point, there is a delay period before yielding. An increase 
in proof stress may result under dynamic loading of materials 
with a smooth stress strain curve. For the ferrous materials, 
increases varying from 1 to 20% have been noted.—p, m. c. 


Calculation of True Resistance to Fracture. A. I. Chipi- 
zhenko. (Zavodskaya Laboratoriya, 1950, 16, 7, 863-869). 
[In Russian]. Equations for the calculation of true resistance 
to fracture are critically reviewed and compared. Test data 
for various non-ferrous alloys and a steel are given.—s. kK. 

The Fracture of Alpha Iron. C. F. Tipper and E. O. Hall. 
(J. Iron Steel Inst., 1953, 175, Sept., 9-15). [This issue]. 

The Technique of Collecting and Assessing Statistical Data 
on Metallurgical Products. W. Moszynski. (Hutnik, (Kato- 
wice), 1953, 20, 4, 121-135). [In Polish]. On the basis of 
a critical evaluation of data taken from technical literature 
on the elastic limit of 4000 samples of structural steels, the 
correct method of ee data and its statistical inter- 
pretation are outlined G. 

Origin and Propagation of Brittle Fracture. ©. Schaub. 
(Tekn. Tidskr., 1953, 88, Apr. 14, 303-309). [In Swedish]. 
Research by Boyd and Robertson into the mechanism of 
brittle fracture is reviewed. Errors inherent in the Charpy 
test can be avoided by a new method in which the sample, 
equipped with two 45° V-notches radially displaced, is 
subjected to a pulsating tensile stress after local cooling. 
Fatigue cracks are initiated, and brittle fracture eventually 
occurs. A pre-requisite is that the test temperature should 
not exceed the critical fracture temperature of the material. 
Speed of propagation can be measured by thin wires fastened 
at intervals between the notches. These, when broken, will 
switch on/off an oscillograph with a known sweep time base. 


Performance of Cast and Rolled Sheets in Relation to the 
Problem of Brittle Fracture. W. 8S. Pellini, F. A. Brandt, 
and E. E. Layne. (Amer. Found. Soc. » Preprint No. 3, May, 
1953). The characteristics of cast steels in relation to the 
problem of brittle fracture are established and compared 
with the characteristics of rolled steels of equivalent metal- 
lurgical type. The conventional Charpy V-notch and key- 
hole-notch toughness properties of cast and rolled steels 
are similar, and the resistance to brittle fracture is exactly 
the same.—mM. D. J. B. 

Brittle Fracture Studies in the United States. S. L. Hoyt. 
(West Scotland Iron Steel Inst. Conf. on Brittle Fracture in 
Steel, May 15, 1953, Paper No. 452). The paper sets out the 
problem of brittle fracture as seen in the United States and 
describes some of the investigations in progress in that 
country and their relationship to similar work in other parts 
of the world. Basic principles are considered briefly and 
a substantial part of the paper is devoted to tests of steel. 

The Brittle Fracture Problem from a Shipbuilder’s Point of 
View. N.G. Leide. (West Scotland Iron Steel Inst. Conf. on 
Brittle Fracture in Steel, May 15, 1953, Paper No. 453). The 
causes of brittle fracture are considered under the headings: 
Service or test conditions (temperature, rate of deformation, 
stress condition) and properties of the material. It is con- 
cluded that the shipbuilder can now minimize or avoid most 
of the causes of cracks, although the mechanism of brittle 
fracture is not yet completely understood.—P. c. P. 

The Mechanism of Fracture in Impact Tests. P. Matton- 
Sjéberg. (West Scotland Iron Steel Inst. Conf. on Brittle 
Fracture in Steel, May 15, 1953, Paper No. 454). Tests were 
made on mild steel, using the standard Charpy keyhole and 
the Schnadt K, impact tests. The experimental method is 
described, and the chemical analyses of the specimens given. 
The mechanism of fracture of different metallurgical structures 
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is discussed and the factors involved in brittle fracture are 
summarized.—P. C. P. 

Notch Ductility of Mild Steel Ship Quality Plates. I. M. 
MacKenzie. (West Scotland Iron Steel Inst. Conf. on Brittle 
Fracture in Steel, May 15, 1953, Paper No. 455). The paper 
reports a statistical investigation on steel plates produced in 
two rolling mills. The first object was to determine the 
effect of plate thickness and production variables on the 
V-notch Charpy transition temperature, and the second to 
determine the general level of notch ductility of special 
qualities of mild steel. The range of plate thickness was 
from 0:365 to 1-5 in. There is no direct evidence from 
which the notch ductility of the steel for a given structure 
may be deduced.—?P. ¢. P. 

The Propagation of Brittle Fracture. T. S. Robertson and 
D. le M. Hunt. (West Scotland Iron Steel Inst. Conf. on Brittle 
Fracture in Steel, May 15, 1953, Paper No. 456). A description 
is given of a test recently developed to assess the crack- 
resisting properties of steel in stress conditions analogous to 
those met in service. The force necessary for the propagation 
of cracks was measured. At a given temperature the force 
for propagation in a given material is constant, irrespective of 
the length of the crack. This is supported by experimental 
results.—P. C. P. 

Transverse Strength and Brittle Fracture. W. Soeté. (West 
Scotland Iron Steel Inst. Conf. on Brittle Fracture in Steel, 
May 15, 1953, Paper No. 457). The macroscopical difference 
between technical brittle fracture and shear fracture is 
explained by the appearance of longitudinal cracks in the 
so-called shear fracture. These longitudinal cracks alter the 
state of stress—triaxiality becomes biaxiality—and might 
explain the abrupt change in ductility that is obtained at 
the transition temperature. With certain assumptions, it is 
shown how the transition temperature can be determined by 
finding the variation of transverse fracture strength with 
temperature.—P. C. P. 

Dimensions in Testing. Constance F. Tipper. (West 
Scotland Iron Steel Inst. Conf. on Brittle Fracture in Steel, 
May 15, 1953, Paper No. 458.) When specimens of different 
size are used, wide variation is observed in test results to 
determine the transition temperature in mild stee]. Metal- 
lurgical considerations are examined and recent work on the 
effect of dimensions is critically reviewed and compared with 
the author’s tests. Dimensions are relatively unimportant 
except in the presence of a notch, where they determine how 
the fractures are initiated and propagated.—P. c. P. 

The Influence of Welding on Notch-Brittle Fracture. A. A. 
Wells. (West Scotland Iron Steel Inst. Conf. on Brittle Fracture 
in Steel, May 15, 1953, Paper No. 459). A critical survey is 
given of investigations into the conditions in which brittle 
fractures can be initiated and propagated during or after 
welding. Strain-hardening in the steel is an important 
factor, particularly under static load. Formulae are given 
for the minimum length of crack necessary to propagate 
fracture. Remedial measures are discussed, and it is con- 
cluded that, with suitable precautions, the safe working 
range of welded steel structures could be increased.—p. c. P. 


Evaluation of Brittle Failure Research. E. F. Sweeney. 
(Welding J., 1953, 32, Jan., 1s—-13s). The author evalues 
research on brittle failure from an engineering viewpoint. 
Transition temperatures for various specimens and criteria, 
and their significance, are discussed. (46 references).—v. E. 

Electrical Circuits for the Measurement of Strain by Wire 
Strain Gauges. N.I. Korsakevich. (Zavodskaya Laboratoriya, 
1950, 16, 7, 843-846). [In Russian]. A general account of 
the use of the balanced-bridge type of strain gauges is given 
and various circuits are discussed.—s. K. 

Investigation of the Functioning of Wire Resistance Strain 
Gauges under Pressure. G. A. Mitichenko. (Zavodskaya 
Laboratoriya, 1950, 16, 7, 847-849). [In Russian]. The 
special properties required of resistance strain gauges working 
under pressure are considered with special reference to the 
measurement of the internal deformation of pressure-vessels. 

Wire Tensometers for Measuring Plastic Deformation. 
M. A. El’yasheva and V. P. Shchegolev. (Zavodskaya 
Laboratoriya, 1950, 16, 7, 890-891). [In Russian]. The 
tensometric properties of various Nichrome and Constantan 
wires and their measurable deformation ranges are compared. 


Measurement of Dynamic Strain by Electric Resistance Wire. 
S.Ito. (J. Mech. Lab., 1952, 6, July, 148-153). [In Japanese]. 
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Particulars are given of the design and performance of 
equipment for the measurement of dynamic strain up to 
0-001 in. in eo by means of electrical resistance 
strain gauges.—4J. G. 

Experimental Study ‘of Residual Plastic Strains Produced 
by Spherical Impact. A. K. Mohamed and A. G. H. Coombs. 
(J. Iron Steel Inst., 1953, 175, Sept., 5-9). [This issue]. 


Bringing out the Causal Relationship Between Faults in the 
Material and Its Failure in Service. H. de Leiris. (Rev. Mét., 
1953, 50, Jan., 14-20). Examples are given of failure by 
progressive cracking and of semi-brittle fracture which clearly 
illustrate the use of morphological analysis of fractures in 
identifying the faults responsible for failures in service.—a. G. 


A New Theory of Fatigue Founded on the Hypothesis that 
the Distribution of Internal Stress Varies with Fatigue. 
Part II.—The Theory of Fatigue for Repeated Alternating 
Bending of a Rectangular Bar. R. Nagai. (Nippon Kinzoku 
Gakkai-Si, 1952, 16, May, 242-245). [In English]. Fatigue 
fracture may commence just before the appearance of the 
plastic range when stress is increasing. Fatigue strength for 
repeated torsion is half the value for repeated bending. 


Fatigue Fracture from the Standpoint of the Stochastic 
Theory. T. Yokobori. (J. Phys. Soc. Japan, 1953, 8, 
Mar.-Apr., 265-268). [In English]. Haigh-type fatigue tests 
were performed on annealed mild steel specimens with two 
grades of surface finish. The results were examined statis- 
tically and compared with the author’s stochastic theory 
of fatigue failure, with satisfactory agreement. The transi- 
tion probability of the theory is interpreted physically in 
terms of rate process theory.—4J. G. W. 

The Mechanism of Fatigue of Metals. A. K. Head. (J. 
Phys. Mech. Solids, 1953, 1, Jan., 134-141). The author 
reviews existing knowledge of fatigue and concludes that 
this consists of three stages, namely, bulk deformation, 
further local deformation terminating in cracks, and extension 
of cracks to fracture. An element of randomness is present 
in the second stage. No current theory of fatigue is entirely 
satisfactory, and an explanation at an atomic level depends 
on identification of this random element.—J. G. w. 

Factors Affecting Resistance of Pressure Vessel Steels to 
Repeated Overloading. J. H. Gross, S. Tsang, and R. D. 
Stout. (Welding J., 1953, 82, Jan., 23s-30s). A study was 
made of biaxial fatigue in the plastic range of pressure vessel 
steels. The effects of surface stress raisers, preheating, 
post-heating and of strength level were investigated. In 
repeated overloading, the total amount of strain imposed per 
cycle appeared to have about the same effect whether it was 
applied in balanced reversed bending or in one direction only. 
Multi-bead welds lowered the cycles to failure as much as 
single-bead welds. The tensile strength as varied by cold 
work, heat-treatment, or steel composition, controlled the 
cycles to failure at all strain levels.—v. E. 

Fatigue and Creep Testing of Aircraft-Engine Materials. 
(Engineering, 1953, 175, Mar. 20, 353-354). Testing machines 
are described which are designed for fatigue testing while 
the test specimen is held at a high temperature, thus allowing 
the effect of creep to be superimposed and simulating con- 
ditions in a gas turbine. A steady tension combined with 
reversed-bending loading can be applied to the test piece. 
Temperatures up to 800° C. can be used.—J. McK 

Machine for Testing Metal Fatigue in Torsion. 8. D. Volkov 
and P. 8. Sokolov. (Zavodskaya Laboratoriya, 1950, 16, 
7, 891-892). [In Russian]. A_ torsional-fatigue-testing 
machine for specimens of 60 mm. gauge length is described, 

Machine for the Fatigue-Testing of Structural Members. 
V. P. Grigor’ev. (Zavodskaya Laboratoriya, 1950, 16, 7, 
893-894). [In Russian]. A machine is described which can 
be used for the fatigue testing, under variable compressive 
tensile loading, riveted, welded, bolted, and other types of 
structural members. Two specimens 200-300 mm. long, up 
to 300 mm. in dia. can be dealt with simultaneously, the 
failure of one not affecting the other.—s. kK. 


The Hardness and Impact Strength of Certain Steels as a 
Function of the Temperatures of Quenching and Tempering. 
F. H. Willenmier. (Rev. Meét., 1953, 50, Jan., 35-48). A 
study of the hardness-impact strength has been made with 
an improved apparatus utilizing a forked hammer and a 
two limbed specimen, and giving better reproducibility. 
Optimum combinations of hardness and impact strength can 
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onty be obtained when no supplementary hardening due to 
precipitation occurs, and the relation between optimum 
values is expressible by a formula.—a. Gc. 

Influence of Individual Factors on Microhardness Testing. 
E. M. Shvetsova and T. V. Lebedeva. (Zavodskaya Labora- 
toriya, 1950, 16, 7, 850-857). [In Russian]. Possible reasons 
for the variation of a diamond-pyramid hardness number of 
a given material with load, and ways of avoiding this varia- 
tion, are considered in the light of data in the literature and 
original work. The main causes of the variation are stated 
to be intra-granular heterogeneity and the effect of work- 
hardening produced during the preparation of the specimen. 


Surface Hardness Testing of Parts with a Shallow Case. 
8. S. Shtofenmakher. (Zavodskaya Laboratoriya, 1950, 16, 
7, 888-889). [In Russian]. Hardness test results are given 
which show that a Rockwell type of test is satisfactory with 
thin hard surface layers if the load is 7-5 kg.—s. k. 

The Nature of the Coefficient of Friction. J. T. Burwell 
and E. Rabinowicz. (J. App. Phys., 1953, 24, Feb., 136-139). 
Friction between dry metal surfaces is theoretically ascribed 
to minute welds or adhesions and believed to depend on 
normal load alone for any given pair of surfaces. Experi- 
mental results herein indicate that some other factor, e.g., 
sliding speed, must be introduced. Sliding speed can influence 
friction by modifying the shear strain rate or the length of 
time for formation of an adhesion.—J. 0. L. 

On the Wiedemann Effect of the Magnetostriction Alloy 
“ Alfer”. Y. Shirakawa, T. Ohara and T. Abe. (Nippon 
Kinzoku Gakkai-Si, 1952, 16, May, 239-242). [In Japanese]. 
The effect was measured at room temperature in “ Alfer ” 
(12-91% Al-Fe). The angle of twist increases with longi- 
tudinal field to a maximum, which itself increases with the 
current in the specimen. In a weak field a saturation value 
isreached. In high fields, the effect is proportional to current. 
The effect in “ Alfer”’ is of different sign to that in nickel. 

Internal Friction of Iron and Nickel (2nd Report). Internal 
Friction and Plastic Deformation of Ferromagnetic Pure 
Metals. M. Osawa. (Nippon Kinzoku Gakkai-Si, 1952, 16, 
Jan., 15-18). [In Japanese]. Tensile, and simple and 
repeated torsional deformations were applied, and measured 
through the resonance of longitudinal oscillation. Internal 
friction decreased rapidly with the degree of plastic deforma- 
tion, and showed a peak, just before fracture in the case of 
nickel. Explanations based on ferromagnetism and dis- 
locations are put forward.—k. E. J. 

Magnetic Permeability and Coercive Force Measurements of 
Straight Bars of Magnetically Soft Materials. L. Kozlowski. 
(Prace Instytutu Metalurgii, 1952, 4, 6, 397-404). [In Polish]. 
A review of the literature on the methods of measuring the 
magnetic permeability and coercive force of straight bars is 
given.—v. G. 

Curie Temperatures of Mixed Oxides of Iron and Cobalt with 
Spinel Structure. J. Robin. (Compt. Rend., 1953, 286, 
Jan. 12, 204-206). The curve of Curie temperature as a 
function of composition has two distinct branches meeting 
at the point Fe,CoO, (339% Co), temperature 535-540° C. 
There is a minimum at 37-9% Co, the Curie point of which 
is strongly affected by the thermal treatment of the sample. 

A Balance for Magnetic Analysis. L. Kozlowski and I. 
Siewierski. (Prace Instytutow Ministerstwa Hutnictwa, 1953, 
5, 1, 47-56). [In Polish]. The theories applied in the 
measurement of specific magnitization with a balance of the 
Curie type and the main types of balance based on this 
principle are outlined. The authors’ balance for the magnetic 
analysis of ferruginous sands, and the results of calibrating 
the electromagnet are described. The apparatus was used 
for the determination of the ferromagnetic phase in iron ores 
and in austenitic steel.—v. G. 

The Influence of Various Additions, Hot Working, and Heat- 
Treatment on the Magnetic Properties of Low-Carbon Steels. 
M. Markuszewicz and J. Groyecki. (Prace Instytutow 
Ministerstwa Hutnictwa, 1953, 5, 1, 1-34). [In Polish]. 
The effects of content and nature of additions, grain size, 
crystallographic orientation and mechanical stresses on the 
magnetic properties of low-carbon steel are surveyed. Steels 
from a basic open-hearth furnace (0-08% C) and a 7-kg. 
induction furnace were examined. It was established that 
with large cross-sections (dia. 20-100 mm.) the magnetic 
properties depend entirely on the zone segregation. In sheets, 
improvement of the magnetic properties is ascribed to 
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decarburization during heating and rolling. The effect of 
heat-treatment was tested on pickled sheets and scale-covered 
sheets after box-annealing. Atmospheres of hydrogen and 
nitrogen, dry and wet, were used. Heat-treatment at high 
temperatures (1100° and 1250°C.) may, depending on the 
atmosphere, have a detrimental effect on the magnetic 
properties owing to the increase in nitrogen and oxygen in 
steel. This phenomenon is particularly marked when the 
treatment is carried out in nitrogen, or on sheets covered 
with scale. The beneficial influence of scale is marked at 
lower temperatures. Heat-treatment at 800° C. for 24 hr. 
lowered the coercivity of 1 mm. sheets to 0-4—-0-6 Oersted. 
This was due to grain growth and considerable decarburization 
(0-:009% C). Sheets and rods, pickled and box heat-treated 
at temperatures of 1100—-1250°C., although having a low 
coercivity immediately after treatment, increased in coercivity 
as a result of ageing associated with the higher nitrogen 
content of the metal. It was found that ageing a low-carbon 
steel containing about 0-6% of silicon or 0-25% of aluminium 
does not cause any noticeable change in the magnetic 
properties. Additions of 0-2% of silicon and 0:2% of 
aluminium were found to be the most suitable. (74 references). 

Influence of Added Elements and Condition of Graphite 
upon Electrical Resistance of Cast Iron. I. litaka and K. 
Sekiguchi. (Waseda Univ., Rep. Casting Res. Lab., 1952, 
No. 3, 23-25). [In English]. Experiments were made with 
iron containing 3:059% C, 2-939 Si and 0-86% Mn. 
Resistivity increases with casting diameter. Aluminium and 
silicon additions increased the resistivity. For grid casting, 
nickel] additions produced the lowest variability in resistance 
between different members. The resistance of nodular 
graphite iron is much lower than that of flaky graphite iron, 
with a minimum value after 20 min. treatment at 1300° C, 

Non-Destructive Testing Reveals Casting Defects. J. M. 
Anspach. (Machinist, 1953, 98, Apr. 11, 579-586). The 
uses and costs of four non-destructive testing methods are 
explained, namely: (1) Radiographic ; (2) magnetic particle 
inspection; (3) use of a penetrating method; and (4) ultra- 
sonics for deep flaws. These methods are briefly described. 

Recent Developments in Ferritic Creep-Resisting Steels. 
J. O. Ward and J. R. Rait. (West Scotland Iron Steel Inst. 
Conf. on Brittle Fracture in Steel, May 15, 1953, Paper No. 448). 
A brief review of early ferritic steels is given and the develop- 
ment of improved alloys is outlined. The influence of silicon, 
chromium, manganese and molybdenum on the creep strength 
of the ferrite in pure iron and in a complex alloy is shown. 
The 3% Cr-Mo-W-V alloy is discussed in detail. The demand 
for improved scaling and corrosion resistance is met by 
hardenable stainless ferritic alloys, and the problem of free 
ferrite in such alloys is discussed. The importance of the 
size, distribution and types of carbides is emphasized. Reasons 
are suggested for the necessity for cubic carbides in creep- 
resisting alloys.—P. C. P. 

Strength Properties of Steels TR1 and TR4 at Elevated 
Temperatures. (Biuletyn Informacyjny Instytutow Minister, 
stwa Hutnictwa, 1953, 4, 4, 13-16: Hutnik (Katowice), 1953- 
20, 4). [In Polish]. The mechanical properties of steels TR1 
(C 0-26%, Mn 00-72%, Si 0-30%, P 0:016%, S 0-021% Cr 
1-19%, and Mo 0:29%), and TR4 (C 0:37%, Mn 0-67%, 
Si 0:32%, P 0-016%, S 0:019%, Cr 1-77%, Mo 0-32%, and 
V 00-25%) at normal and elevated temperatures (up to 550° 
C.) were determined. The influence of heat-treatment on 
the creep of these steels was investigated, and on the basis 
of these results a heat-treatment procedure is recommended. 

The Importance and Methods of Determination of the Limit 
of High Temperature Fatigue in Normal or Controlled Atmos- 
pheres. G. Vidal. (Rev. Mét., 1953, 50, Jan., 21-34). The 
roles of creep, corrosion, and favigue in failure at high 
temperatures are discussed and the need for more test data 
in different atmospheres is stressed. The development of 
an apparatus for the determination of high temperature 
fatigue limits is described and examples given for (a) pure 
aluminium at 300° C. in tension-compression; (b) cobalt-base 
alloys under modulated tension; and (c) a chromium-alumin- 
ium alloy under repeated flexion. It is tentatively concluded 
that creep and corrosion contribute to the initial phase of 
rupture by provoking surface defects which eventually rupture 
by fatigue.—a. c. 

The Specific Heat of Austenite and Martensite. E. 
Griffiths and P. R. Pallister. (J. Iron Steel Inst., 1953, 175, 
Sept., 30-32). [This issue]. 
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A Study on the Procedure of Grinding of Fe by Electron 
Diffraction Method (2nd Report). S. Yoshioka and M. Mera. 
(Nippon Kinzoku Gakkai-Si, 1952, 16, Apr., 191-194). [In 
Japanese]. Iron was ground in oil and benzol, and good 
diffraction patterns obtained. The oxidizing effect was much 
less than for grinding in air, due to better cooling. With 
short coarse grinding, extra traces from a substance probably 
resembling Fe,0, were found: in later stages Fe,O, reflections 
were observed.—k. E. J. 

The Microscope Objectives. Il—The Microscope Interfero- 
meter. Y. Ukita and J. Tsujiuchi. (J. Mech. Lab., 1952, 6, 
July, 161-166). [In Japanese]. Characteristic interference 
patterns of microscope objectives were obtained with the aid 
of Twyman’s microscope interferometer. Spherical aberra- 
tions of some objectives were calculated from the inter- 
ferogram and agreed fairly well with results quoted in an 
earlier paper.—J. G. Ww. 

The Emission Electron Microscope—Its Applications in 
Metallurgy. A. Septier. (Rev. Mét., 1953, 50, Mar., 208-214). 
The alternative sources of electrons and the optical system 
employed are outlined, with a description of the microscope 
employed. Such an instrument can detect surface relief, 
crystalline structure and the different action of activators 
according to orientation of crystalline faces. Among several 
examples given of its application are the study of diffusion 
and phase changes in metals.—a. G. 

An Interferometer Microscope for Opaque Objects. J. 
Dyson. (Proc. Roy. Soc., 1953, A, 216, Feb. 24, 493-501). 
Existing methods of examining surfaces of opaque objects 
are critically surveyed. A new method, obviating most 
disadvantages, is simple and inexpensive. The instrument 
has a single objective with a preceding optical system, and 
may be used on a conventional microscope stand. The 
aperture is unrestricted, and lateral resolution is not impaired. 
Some applications and results are presented.—k. E. J. 

Research on the Metalline Replica. (V). Influence on the 
Optimum Replica Solution by Mn and Three Elements of C, 
Mn and Crin Iron. Y. Tanabe. (Nippon Kinzoku Gakkai-Si, 
1952, 16, May, 249-253). [In Japanese]. The influence of 
various factors for producing optimum replica conditions for 
ferromanganese, iron-carbon-manganese, and iron-carbon- 
manganese-chromium alloys was elucidated.—k. E. J. 

Research on the Metalline Replica. (VI). On the Replace- 
ment of Martensite. Y.Tanabe. (Nippon Kinzoku Gakkai-Si, 
1952, 16, May, 253-256). [In Japanese]. The influence of 
various factors in producing optimum replica conditions for 
carbon, nickel-chromium, and chromium-manganese steels 
was elucidated.—k. E. J. 

The Formation of Bainite in an En21 Steel. T. Ko. (J. 
Tron Steel Inst., 1953, 175, Sept., 16-18.) [This issue.] 


CORROSION 


XII—Intense Attack at the Water- 
Line of Otherwise Passive Metal. A. M. Peers and U. R. 
Evans. (J. Chem. Soc., 1953, Apr., 1093-1102). Intense 
water-line attack occurs on iron partly immersed in sodium 
chloride solution containing phosphate, carbonate, or other 
anodic inhibitor in certain proportions. This has been 
studied (1) in presence of oxygen without applied current, 
and (2) in absence of oxygen with applied anodic current. 
Water-line attack does not depend on special surface condi- 
tions, acid constituents in the air, or evaporation. It is 
greatly affected by the shape of the meniscus crevice, and by 
the presence of films. The results support Schikorr’s sugges- 
tion that water-line attack is due to slow replenishment of 
inhibitor in the meniscus. It is thus a form of crevice corro- 
sion—analogous to that produced at contact with a glass rod. 

Effects of the Magnetic and Sonical Fields on the Anodic 
Passivation of Pure Iron. Y. Ogawa, Y. Hisamatsu and 
A. Moriya. (Nippon Kinzoku Gakkai-Si, 1952, 16, Apr., 194— 
197). [In Japanese]. Studies of passivation in HNO, and 
H,SO, were made. Passivation was retarded by a magnetic 
field perpendicular to the anode, but it was increased by a 
parallel field. A sonic field retarded «-Fe,O, passivation and 
suppressed Fe,0, passivation. Magnetic and sonic fields 
which appreciably retard passivation produce films of «-Fe,03 
resistant to dilute HNO;.—kx. E. J. 

Metallic Oxidation—a Simplified Treatment. U. R. Evans. 
(Research, 1953, 6, Apr., 130-137). Factors. involved in 
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oxidation are described, without long mathematical treat- 
ment, by reference to selected simple cases. Types of oxida- 
tion curve, cation movement, boundary reactions, internal 
oxidation, acceleration and retardation of attack, are dis- 
cussed. (53 references).—kK. E. J. 

Oxide Film on High-Alloy Steels. S. P. Levina and P. Kh. 
Burshtein. (Zhurnal Fizicheskoi Khimii 1952, 26, 4, 555- 
559). [In Russian]. The removal of oxide films on chrom- 
ium-nickel steels and the adsorption of oxygen on surfaces 
free from oxide was investigated.—v. «a. 

Study of the Oxidation of Binary Iron-Chromium Alloys at 
High Temperatures. J. Moreau. (Compt. Rend., 1953, 286, 
Jan. 5, 85-87). The oxidation of alloys containing up to 
30% of chromium at temperatures between 800° and 1250° C. 
has ‘been studied by X-ray and micrographic methods. The 
composition of the oxide film varies from FeCr,O, dispersed 
in ferrous oxide in contact with the alloy to pure «-Fe,Og in 
contact with the atmosphere. A mechanism of oxidation 
has been suggested in which the diffusion of oxygen through 
the compact oxide film plays an important part.—a. G. 


ANALYSIS 


Recent Developments in Instruments. E. C. Klepp. (J. 
Inst. Fuel, 1953, 25, Jan., 295-301). The author presents a 
survey of the principles and applications of automatic controls 
and instruments illustrated by modern examples. Reference 
is made to the advantages and uses of the force-balance or 
null-method principle. Finally, some new measuring instru- 
ments are described—an oxygen analyser, a dew-point hygro- 
meter, the magnetic amplifier, and the infra-red spectrometer. 

A Brief Survey of the Development of Electrographic 
Analysis. P. R. Monk. (Analyst, 1953, 78, Mar., 141-144). 
The development of electrographic analysis and modern 
techniques are described. Details of two British instruments 
are given together with examples of their use. The method 
is rapid and useful for spot testing metals and for detecting 
imperfections in solid metals and coatings.—A. G. 

The Identification of Alloys and Stainless Steels by Electro- 
graphic Methods. G. C. Clark and E. E. Hale. (Analyst, 
1953, 78, Mar., 145-147). A simple electrographic method is 
described for the identification of stainless steels and other 
alloys used in the construction of chemical plant. The con- 
stituents shown on the electrogram are identified by systema- 
tic spot tests in order to classify the type of material examined. 


ECONOMICS AND STATISTICS 


Canada’s Steel and Foundry Industries. (Foundry Trade J., 
1952, 98, Dec. 18, 711-712). Between 1945 and 1950 most 
capital expenditure was on modernization of existing mills, 
and to diversification of rolling and finishing facilities, but 60 
million dollars were spent on new plant, and 85 million on 
maintenance. Announced plans are for 45% more pigiron 
production, 30% more steel ingots, and 30% more rolled and 
drawn products.—k. T. L. 

Canada Making Rapid Strides as a Mineral Producer. G. H. 
Murray. (Mines Mag., 1953, 48, Jan., 19-28, 50, 59). 
Statistics and details are given, nationally and by area and 
firm, of Canada’s metal, mineral and fuel extractive indus- 
tries, and their post-war expansion. Significant develop- 
ments are the discovery of huge hematite deposits in the 
Steep Rock and Quebec-Labrador areas: iron ore will pro- 
bably become one of the three leading mineral industries. 

Comparative Investment Costs for Different Steelmaking 
Processes. C.F. Ramseyer. (Iron Steel Eng., 1953, 30, Mar., 
122-134). This paper gives a condensed account of a study 
suggested by the United Nations Secretariat on the relative 
capital investments required to make steel by different 
processes.—. D. J. B. 


MISCELLANEOUS 


Scientific and Technical Research in Metallurgy in the 
U.S.A. G. Blanc. (Fonderie, 1953, No. 84, Jan., 3251-3264). 
The author describes the organization of metallurgical research 
in the U.S.A. and outlines the problems investigated and 
methods of working at the more important establishments. 

Discovery Sampling Cuts Costs in Quality Control. J. R. 
Crawford. (Iron Age, 1953, 171, Jan. 29, 114-117). Dis- 
covery sampling introduces the new concept that a particular 
factory area such as the sheet metal department is considered 
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statistically as a single process although the parts being made 
may be different. A formula is developed for determining 
how many parts per lot should be sampled and what attributes 
should be examined.—a. M. F. 

The Training of Radiologists for Industry. J. C. Rockley. 
(Engineer, 1953, 195, Mar. 27, 448-452). 

American Recommended Practice for Industrial Lighting 
A-11. J.J. Booth. (Jron Steel Eng., 1953, 30, Mar., 135- 
139). This paper sets out standard lighting requirements for 
a variety of premises in iron and steel works. Types of 
lighting and suitable intensities are reeommended.—.. D. J. B. 

Single Objective Safety. D. Farrell. (Trans. Amer. Found. 
Soc., 1952, 60, 282-286). The general causes of industrial 
accidents are considered and preventive methods described 
for some particular cases.—J. McK. 

Some Considerations Regarding a Factory Maintenance 
Engineering Department. M. Bentham. (Proc. Inst. Mech. 
Eng., 1952, 1B, No. 1, 33-39). A general survey is made of 
preventive maintenance measures and breakdown conditions 
to be met by a maintenance engineering department. The 
layout, location, and equipment of such a department is 
considered, and the need for adequate stores for spare parts 
and consumable goods is emphasized. Suggested ways of 
controlling workers’ time and hence costs are outlined. 

Industrial Radio Communication in Iron and Steel Works. 
K. Rosenbaum. (Stahl u. Eisen, 1953, 78, Apr. 23, 574-575). 
The use of radio communication and loudspeaker equipment 
in iron and steel works is described.—4. P. 


New Motion Time Method Defined. H.C. Geppinger. (Iron 
Age, 1953, 171, Jan. 8, 106-108). A new system used in 
detailing and measuring production methods is called 
‘ Dimensional Motion Times.’ Common motions which recur 
in any operation are directly related and expressed by 
dimensions in inches. They refer to distance, part size, 
target size, and clearance. Concise dimensional terms require 
only a small number of explanatory and defining rules, since 
they deal to a large extent with factual measurement. 


The Social and Economic Importance of Job Evaluation. 
A. Jungbluth. (Stahl u. Eisen, 1953, 78, Mar. 26, 416-419). 
The social and economic consequences of job evaluation for 
the objective assessment of the precise nature of a given 
task and the appropriate wage rates are discussed.—4. P. 

Waste Water’ from Metal-Working Operations. J. Witt- 
mann. (Z. Metallkunde, 1952, 48, Nov., 412-414). The 
types of impurity found in waste water from metal works 
operations are described ; methods of classification and 
reclamation are discussed briefly, under the headings of 
mechanical and chemical purification.—t. H. 

Liquid Waste Treatment. P.S. Cassels. (Jron Steel Eng., 
1953, 30, Mar., 68-69). A description is given of the liquid 
waste treatment unit recently placed in operation at the 
works of Henry Disston and Sons, Inc., Philadelphia, where 
about 38,000 tons of rolled steel are produced annually. Oil, 
abrasive waste, pickle liquor, and sanitary wastes are dealt 
with.—R. A. R. 
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DE Barr, A, E. “ Soft Magnetic Materials Used in Industry.” 
(Institute of Physics Monographs for Students.) 8vo, 
pp. 62. Illustrated. London, 1953 : Institute of Physics. 
(Price 5s.). 

De Barr, A. E. ‘ The Magnetic Circuit.” Powder cores, 
ferrites, permanent magnet materials and miscellaneous 
magnetic materials. (Institute of Physics Monographs for 
Students.) 8vo, pp. 62. Illustrated. London, 1953: 
Institute of Physics. (Price 5s.). 

These two monographs may be regarded as halves of a 
short but—considering its restricted compass—surprisingly 
comprehensive account of industrial magnetic materials. 
The division of subject-matter between the two halves is 
somewhat arbitrary, doubtless in order to make each mono- 
graph conform to a standard length. Thus, the first two 
chapters of ‘Soft Magnetic Materials,” dealing with 
fundamental magnetic concepts and properties, and with 
the domain theory, are relevant to both monographs, while 
in the second monograph the first chapter, treating of the 
magnetic circuit, concerns soft materials at least as much 
as those discussed in the later chapters. In fact the short 
title ‘* The Magnetic Circuit ”’ is rather misleading, as less 
than a third of the contents relate specificially to that 
subject, the remaining two-thirds being concerned, as 
indicated by the sub-title, with ‘‘ powder cores, ferrites, 
permanent magnet materials and miscellaneous magnetic 
materials.” 

The series of Monographs for Students is stated to be for 
general reading in courses for the Higher National Certificate 
in Applied Physics or in the first two years of a degree 
course. Jn such circumstances it is almost inevitable that 
some aspects of a complex subject should be treated too 
briefly for thorough elucidation. It seems unlikely, for 
example, that the account given of the structure of ferrites 
and the nature of antiferromagnetism and ferrimagnetism 
would give very clear ideas on these subjects to a reader 
without some previous knowledge of them. A well-selected 
bibliography, however, will direct the student requiring 
further information to suitable sources, although it would 
be an advantage if more guidance were given as to which 
references should be consulted on particular points. 

Data are given, in general, in C.G.S. units, but in a 
number of instances M.K.S. valves are invested in addition 
—a useful device to accustom readers to the system of 
units which, in spite of the inconvenient magnitudes of its 
basic magnetic units, seems certain to be adopted ultimately 
in electro-technical literature. 

The two booklets in combination provide an immense 
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amount of detailed, accurate, and up-to-date information 
on the whole range of magnetic materials which are of 
industrial interest, and the author is to be congratulated 
on carrying out a difficult job with so large a measure of 
success.—C. E. WEBB. 


Hatt, A. J. “‘ Fundamentals of Thermometry.” (Institute 
of Physics Monographs for Students.) 8vo, pp. 48. 
Illustrated. London, 1953: Institute of Physics. 
(Price 5s.). 

Ham, <A, * Practical Thermometry.”’ (Institute of 


Physics Monographs for Students.) 8vo, pp. 51. Illus- 
trated. London, 1953: Institute of Physics. (Price 5s.) 

The measurement of temperature is difficult, its accurate 
description no more easy. Any introduction to its prin- 
ciples and practice runs the risk of being either misleading 
if simple or incomprehensible if exact. Mr. Hall has not 
merely avoided these errors, he has achieved two models 
of lucid exposition which can scarcely be faulted. These 
two monographs, companion volumes, are written primarily 
for candidates for the Higher National Certificate. 

The first volume, ‘ Fundamentals of Thermometry,” 
gives in 48 pages a clear account of the specification of the 
International Temperature Scale and the instruments 
(resistance thermometer, thermocouple and optical pyro- 
meter) which are used to interpolate between the fixed 
points of the scale. A chapter on the use of the mercury 
thermometer as a working standard is also included. It 
concludes with a careful description of how the boiling and 
freezing points of the scale may be experimentally realised. 

The second volume, “ Practical Thermometry,” de- 
scribes in 51 pages how the same instruments are modified 
and calibrated for use in industry. The difficulties of 
practical measurement are then discussed, and the errors, 
particularly of radiation measurements, are, very properly, 
emphasized, but it would have been helpful to point out 
that for many industrial purposes a consistent reading is 
often as useful as a true value of the temperature. 

Both volumes are clearly printed, contain worked 
examples and a short bibliography. They may easily be 
slipped into the pocket. They should reside on the shelves 
of every Pyrometry Department, and will prove useful 
even to the most experienced research worker.—E. J. 
BuRTON. 

PERMANENT MAGNET ASSOCIATION. 
La. 8vo, pp. 58. Illustrated. 
Association. (Price 10s.) 

This lavishly produced brochure has been compiled co- 
operatively by the member firms of the Permanent Magnet 


** Permanent Magnets.” 
Sheffield [1953]: The 
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Association. It includes a short description of the facilities 
provided, and the scope of the work undertaken, in the 
Association’s Central Research Laboratories, but is mainly 
devoted to an account of the practical aspects of permanent- 
magnet materials. 

Brief reference is made to the basic ideas of modern 
magnetic theory as applied to permanent magnets, and to 
the magnetizing, testing, demagnetizing, storage, and 
handling of magnets, while descriptions, with photographs, 
are given of a number of typical applications. The most 
valuable sections, however, are those dealing with the 
design of permanent magnets and with the properties of 
the whole range of permanent-magnet materials manu- 


factured by members of the Association, culminating in 
the recently developed, grain-oriented “‘ Columax.” The 
characteristics of these materials are presented in curves 
and comprehensive tables, and two special facilities are 
provided to assist the designer, viz. : (1) A transparency, 
showing hyperbolae of constant (BH) and straight lines of 
constant “unit permeance”’, which can be superimposed 
on the demagnetization curves of the materials, and (2) a 
series of contours of constant useful recoil energy for each 
material, for use when working under recoil conditions. 

Altogether the booklet can be recommended as a useful 
compendium of information for the permanent magnet 
designer or user.—C. E. WEBB. 


NEW PUBLICATIONS 


Axsyonow, N. P. and P. N. Axssonow. ‘“ Ausriis ung von 
Giessereien.” Vol. I. 8vo, pp. 256. Tlustrated. 
Berlin, 1952 : VEB Verlag Technik. (Price DM 11.-). 


AMERICAN FOUNDRYMEN’S Socrety. ‘‘ Patternmaker’s 
Manual.” 8vo, pp. 279. Illustrated. Chicago, 1953: 
The Society. (Price $6.75; members of the Society 
$4.50) 


AMERICAN SOCIETY FOR TESTING MaTeERIALs. ‘ 1952 Book 
of ASTM _ Standards, Including Tentatives.” 8vo, 


illustrated. Part 1: ‘‘ Ferrous Metals,” pp. xxviii + 
1572. Part 2 : ‘“ Non-Ferrous Metals,” pp. xxix + 1327. 


Part 3 : “‘ Cement, Concrete, Ceramics, Thermal Insulation, 
Road Materials, Waterproofing, Soils,”’ pp. xxxv +- 1634. 
Part 4: ‘“ Paint, Naval Stores, Wood, Fire Tests, Sand- 


! 


wich Constructions, Building Constructions,’ pp. xxvii + 


1152. Part 5: “‘ Fuels, Petroleum, Aromatic Hydrocar- 
bons, Engine Antifreezes,” pp. xxvi + 1253. Part 6: 


“ Rubber, Plastics, Electrical Insulation,” pp. xxx + 
1488. Part 7: ‘ Textiles, Soap, Water, Paper, Adhesives, 
Shipping Containers,” pp.exxviii + 1334. Philadelphia, 
1953 : The Society. (Price $76 for the seven parts) 
Benson, Carutn. “ Les ultra-sons.” Traduit de l'anglais 
par M. Parmentier. La, 8vo, pp. 167. Illustrated. 
Paris, 1953 : Ed. Eyrolles. 
BRADFORD, JOHN R. (Editor). 
La. 8vo, pp. 309. Illustrated. New York, 
Reinhold Publishing Corp. (Price $8) 
British IRON anp STEEL FEDERATION. ‘“‘ Statistics of the 
Iron and Steel Industries of Overseas Countries for 1951.” 
La. 4to, pp. xvi + 435. Illustrated. London [1953]: 
The Federation. (Price 15s.) 
British STANDARDS INSTITUTION. 
Institution Yearbook, 1953.” 8vo, pp. 488. 
1953 : The Institution. (Price 12s. 6d.) 
CENTRE TECHNIQUE DE LA GROSSE ForGE. ‘‘ Journées de la 
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